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. I  

T h e  m i s s i o n  of t h e  A i r  F o r c e s  i n  t i n e  of peace  i s  t o  e s t u b l i s h  
t h e  a i r  power deemed n e c e s s a r y  f o r  our n a t i o n a l  s e c u r i t y .  The 
r e v o l u t i o n a r y  developments  o f  t h e  l a s t  war,  i n  p a r t i c u l a r ,  r a d u r ,  
r o c k e t - p r o p e l l e d  miss i les  aiid a tomic  bombs have focused  a t t e n t i o n  
on t h e  r o l e  of modern s c i e n c e  a s  a f a c t o r  i n  a i r  power. Helice it 
i s  b p p r a p r i a t e  t h a t  you a s  f u t u r e  l e a d e r s  i n  t h e  A i r  F o r c e s  should  
t r y  t o  unde r s t and  what s c i e n c e  i s  6nd how i t  o p e r a t e s  and t h a t  you 
s h o u l d  be b rough t  i n t o  c o n t a c t  w i t h  c u r r e n t  i d e a s  abou t  t h e  
p r i n c i p l e s  and p r a c t i c e s  which rust be fo l lowed  t o  s e c u r e  t h e  h e l p  
of t h e  s c i e n t i f i c  r e s o u r c e s  o f  t h e  n a t i o n  i n  doing  your job.  

T h i s  l e c t u r e  a t t e m p t s  t o  g i v e  you sone eenercl l  in for rhut ion  
abfiut  t h e  p a t h  from d i s c o v e r i e s  i n  p u r e  s c i e n c e  t o  new weapons; 
t h z  b roade r  r o l e  o f  s c i e n c e  a s  a method of a t t a c k i n g  a l l  of your  
problems, arid t h e  r e s p o n s i b i l i t y  of  t h e  A i r  F o r c e s  i n  prorl;oting, 
s c i e n c e  i t s e l f  . ?be s h a l l  t h e n  d i s c u s s  t h e  g o u l s ,  p r i n c i p l e s ,  
d i f f i c u l t i e s ,  and n e c e s s a r y  c o u r s e s  of a c t i o n  t o  i n s u r e  q o o p e r a t i o n  
i n  s c i e n t i f i c  mutters  between r e s e a r c h  a g e n c i e s  and t h e  A i r  F o r c e s  
bnd betweeii i n d u s t r y  and t h e  A i r  F o r c e s .  Fo l lowing  t h i s ,  w e  w i l l  
exanline t h e  n e t h o d s  a v a i l a b l e  f o r  d e v e l o p i n g  a n  atmosphere f a v o r a b l e  
t o  t h e  suppor t  and use of  s c i e n c e  w i t h i n  t h e  A i r  F o r c e s  i t s e l f  a t  
t h e  c o m a n d ,  s t a f f ,  and  o p e r a t i n g  l e v e l s .  

Sc i ence>  and  t h e  Development o f  iJew \:asrpons 

A f a m i l i a r  method i n  tJi1;ich s c i e n c e  may o p e r o t e  t o  a s s i s t  t h e  
A i r  F o r c e s  i s  t h a t  o f  c o n t r i b u t i i i g  t o  t h e  development of  new o r  
inproved  weapons, i,o. s p e c i f i c  i t eus  of  m i l i t a r y  eqiiiprnoiit. Any 
such  weapon u s u u l l y  h a s  a l o u g  and cor,iplicuted p e d i g e e .  A l w g e  
number of p e r s a n s  a r e  i n v o l v e d  i n  i t s  davelopri,e:t and i t  S p r i n g s  
from many a p p a r e n t l y  u n r e l a t e d  s c i e n t i f i c  d i s c o v e r i e s  o f  t he  p u s t .  

[ T o  a s k  what i n d i v i d u a l  i n v e n t e d  it h a s  8 s  nuch meatline and no Core 
[ a s  t o  a s k  who i s  :lour ancestol? .  Tach g e n e r a t i o n  you P O  back 

m u l t i p l i e s  t h e  nuniber. While i n v e n t i v e  a b l l i t : ?  i s  s t i l l  of g r e a t  
in lpor tance ,  t h e  i n d i v i d u a l  i n v e n t o r  p l a y s  a s n u l l  r o l e  i n  xtiost 
dcvelopriients today .  The s t r i k i n g  advances  i n  t h e  l a s t  war c a m  
from t h 3  m o b i l i z a t i o n  of' a l a r g e  n m b e r  of p e o p l e  w i t h  a v a r i e t y  
of skills d i r e c t i n g  t h e i r  e f f o r t s  toward a comaon t a s k ,  i . e .  fron, 
such  g roups  a s  the  Peeneraunde group, o r  t h e  REidiatior Labora to ry .  -.c s r  --. .. -- - 
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Any development of Q s p e c i f i c  weapon i n v o l v e s  a l a r g e  
llui:lber of  s t e p s ,   so:,,^ of  uhich m y  b e  o r i i t t e d  i r l  s p e c i a l  ca ses .  
Ijt? may l a b e l  tile s t e p s  a s  f o l l o w s :  p u r e  s c i e n c e ,  a p p l i e d  
s c i e n c e ,  d e v e l o p a e n t ,  l a b o r a t o r y  t e s t s ,  s e r v i c e  t es t s ,  
p r o d u c t i o n ,  t r u i n i n e ,  t a c t i c a l  e v a l u a t i o n ,  s e r v i c e  u s e .  The 
s t e p s  a r e  i n t e r r e l a t e d  and can n o t  a lways b e  s e p a r a t e d .  The 
v i r t u e  of th:: we11 o rgan ized  a t t a c k  i s  t h a t  c o n t i n u o u s  c o n t a c t  
i s  main ta ined  between g roups  r e s p o n s i b l e  f o r  t h e  v a r i o u s  s t e p s .  

Pe rhaps  b c o n c r e t e  i l l u s t r a t i o n  11611 be h e l p f u l  i n  under- 
s t a r id ing  t h e s e  s t e p s .  L e t  u s  c o n s i d e r  t h e  r a d i o  p rox imi ty  fuze .  
A s  rriost of you know i t  i s  8 s m a l l  t r a n m i t t i n g  r a d i o  s t a t i o n  
wi th  a r e c e i v e r  t o  d e t e c t  a n y  r e f l e c t i o n s  of t h e  t r a n s m i t t e d  
wave. It i s  u s e d  t o  explode  a p r o j e c t i l e  on c l o s e  approach  t o  
an  a i r  t a r g e t  o r  t o  t h e  grdut:d. SorLe o f  t he  i n v e s t i e a i i o n s  i n  
pu re  s c i e n c e  wi thou t  which t h i s  developnient would have been 
imposs ib l e  a r e  t h o s e  r e l a t i n g  t o  r a d i o  wave p r o p a g a t i o n ;  emission 
of i o n s  fror,, h o t  f i l a m e n t s ;  conduc t ion  o f  e l e c t r i c i t y  i n  g a s e s  
a t  low p r e s s u r e ;  e l e c t r i c a l  c i r c u i t s  p roduc ing  a l e c t r i c a l  
o s c i l l a t i o n s ;  rmpne t i c  m a t e r i a l s  ( a l n i c o )  ; conduc t ion  o f  
e l d c t r i c l t y  through c r y s t u l a ;  cher2is t ry  o f  p l a s t i c s ,  I n  t h e  
devGlopment it was necessa ry  t o  do somt3 fundur r l en ta l  s c i e n t i f i o  
s t u d i e s  of r a d i o  r o f l e c t i o n s  f rm E i i r c r u f t  and  of  r a d i a t i o n  
p a t t e r n s  f r on; ail teniia s. 

Sorle o f  t h e  p a s t  devalopnients i n  t h e  f i e l d  of a p p l i e d  
s c i e n c e  on which t h e  deve lopcen t  of t h e  r a d i o  p r o x i m i t y  f u z e  
was dependent  a r e  e l . j c t r i c a 1  penc:rators,  r e c t i f i e r s ,  f i l & e r s ,  
a m p l i f i e r  t u b e s ,  t h e  t h y r a t r o n  t u b e ,  p l a s t i c s ,  e l e c t r i c a l  
i n s u l a t i n g  r x t e r i a l s  w i t h  good p r o p e r t i e s  a t  h igh  f r e q u e n c i e s .  

~or; ,e  o f  t h e  development problenis  f o r  t h i s  a p p l i c a t i o n  were 
sfi1a11 rugged t u b e s  t o  w i t h s t a n d  v i b r a t i o n  and shocki; s n i t i l l  
g e n e r a t o r s  r o t u t i n g  a t  ve ry  h i g h  speeds  w i t h  l i t t l e  v i b r a t i o n ;  
s t a b l e  e l e c t r i c a l  c i r c u i t s  p e r m i t t i n g  l a r g e  t o l e r a n c e s  on 
accu racy  o f  con,ponents; i n s u l a t i n g  m t e r i a l s  of inlproved 
1,,echaiiical p r o p e r t i e s ,  rugged r e s i s t o r s  and condensers .  

The other s t e p s  a r e  rS1ore f a c , i l i a r .  A p e a t  v a r i e t y  of 
1uborator:r t e s t s  were d e v i s e d  aild components and  complete  f u z e s  
were t e s t e d .  S e r v i c a  t e s t s  were r&de a t  p r o v i n g  grounds.  The 
fuzes were p l aced  i n  p r o d u c t i o n ,  a n d  p r o d u c t i o n  q u a l i t y  u o n t r o l  
t e s t s  developed.  r i i l i t a r y  p e r s o n n e l  tvere t r a i n e d  i n  tile 
i r i s p e c t i o n ,  l ikndl ing and  US^. T a c t i c a l  s v a l u a t i o n  t e s t s  were 
illads by  n i l i t a r y  a g e u c i e s  and the f u z e s  were f i n a l l y  used 
a g a i n s t  t h e  erleny. 

BegitininF w i t h  t h e  t h i r d  s t e p ,  t h e  developrtient s t a g e ,  a l l  
of  t h e  rema-'Lnirig s t e p s  were acconp1isiit:d between December 1940 
a n d  August l%.J. For s t r a t e g i o  reasons s e r v i c e  use was d e l a y e d  
Lore thari a y e a r .  Durin@ the whole pe r iod  of development t h e r e  



was a con t inuous  i r i t e r chanee  of  i n f o r m a t i o n  and r w c t i o n  f r o m  the  
r e s u l t s  o b t a i n e d  e t  any s t a p e  on t h e  p r e c e d i n g  w i t h  consequent  
speeuir ig  o r  development.  IIowever u s  one g e t s  back t o  t h e  a p p l i e d  
s c i e ~ i c o  and pu re  s c i e n c e  s t a e e s  t h e  e f f e c t  of t h e  r e a c t i o n s  f rom 
t h e  f i n a l  s t a p e s  d in i in i shes .  It  i s  impor t an t  t o  r e a l i z e  t h a t  t h i s  
resu l t s  from the fundamenta l  f u c t  t h a t  each s t e p  can  draw upon a l l  
e x i s t i n g  knowledpe a v a i l a b l e  a t  t h e  p r e c e d i n g  l e v e l  and a l s o  
s t i i . , u l a t e  t h e  p r e c e d i n g  l e v e l  t o  advance by f u r t h e r  e x p l o i t a t i o n  
of the  one b e f o r e  u n t i l  t h e  pu re  s c i e n c e  l e v e l  is reached .  Here w e  
a r e  i n  c o n t a c t  w i t h  t h e  unknown and t h e  x e r e  exi ls tence o f  soTile 
p r a c t i c a l  goal  i s  of no h e l p .  The d i s c o v e r y  of r a d i o  waves was 
n o t  made b y  I l e r t z  because of any p r a c t i c a l  t a s k  such a s  a p r o x i m i t y  
f u z e  o r  even t h e  g o a l  of  long  d i s t a n c e  corx,unic!ation. 
d i s c o v e r y  o f  X-rays was n o t  s t i r i iu la ted  by a n y  d e s i r e  t o  see th rough  
s o l i d  o b j e c t s .  

R 8 e n t g e n f s  

There a r c  s t r o n g  i n 3 e r a c t i o n s  between p u r e  and  a p p l i d d  
sc i e r i ce  a s  a p p l i e d  s c i e n c e  deve lops  b e t t e r  t o o l s  t o  e x p l o r e  t h e  
unknown. Likewise a p p l i e d  s c i e n c e  a p p l i e s  a l l  of t h e  t e c h n i q u e s  
01' p u r e  s c i e n c e  t o  e x p l o i t  i n  d e t a i l  r;&ajor f i e l d s  o f  knowledge 
and t o  make advances.  B u t  i f  s c i e n t i s t s  unders tand  t h e i r  own 
s u b j s c t  c o r r e c t l y ,  t h e  s e t t i n g  o f  such a t a s k  u s  g u i d i n g  a missile 
a t  3000 m i l e  r a n g e  will riot h e l p  much i n  rfiaking a n  advance i n  
p u r z  s c i e n c e  t o  a i d  t h e  s o l u t i o n .  
a p p l i e d  s c i e n c e  and e n g i n t e r i h g  development g roups  m u s t  s o l v e  t he  
problen, a s  b e s t  t h e y  caii w i th  c lva i l ab le  t o o l s ,  

The Uilited S t a t e s  h a s  been o u t s t a n d i n g  and h a s  r a p i d l y  t a k e n  
t h z  l d a d e r s h i p  i n  a p p l i e d  s c i e n c e  b u t  has  d e f i n i t e l y  c o n t r i b u t e d  
less tharl i t s  due p r o p o r t i o n  t o  pu re  s c i e n c e ,  l a r g e l y  because  our  
na2ior ia l  c h a r a c t e r i s t i c s  a r e  such a s  t o  emphasize imrriedintely 
usGfiil p r a c t i c a l  g o a l s  and t o  b e  l e s s  i n t e r e s t e d  i n  p r o j e c t s  which 
proiriise m i t e r i a l  b e n e f i t s  o n l y  a t  sorrie f u t u r e  d a t e ,  Today ' s  a p p l i e d  
s c i e n c e  res ts  on t h e  p u r e  sc i e i i ce  o f  t h e  p r e c e d i n g  g e n e r a t i o n ,  
knourleclpe o f  t&icii i s  t aken  f o r  g r a n t e d .  J u s t  a s  r e p l a c i n g  o u r  
f o r d s t s  o r  t h e  f e r t i l i t y  o f  t h s  soil sesms t o  have less a t t r a c t i o n  
t o  our  Arrierican l.-,iri6 thari  t h e  r a p i d  e x p l o i t a t i o n  of p r e s e n t l y  
a v a i l a b l e  r d s o u r c d s ,  s o  t h e  suppor t  o f  p u r e  s c i e n c e  i s  less popu la r  
t h a n  t h e  e p p l i c a t i o i i  bnd e x p l o i t a t i o l i  of s c i e n t i f i c  knowledge 
cl i r ren t ly avh i l a b l  s . 

Tho p r e s e n t  r n i l i  t a r y  sys tem of b s t a b l i s h i n g  r e q u i r e m e n t s  based 
on s e r v i c e  needs  i s  e f f e c t i v e  i n  the development of new weapons, 
p r o v i d e d  t h e  r e q u i r e m e n t s  a r e  c o n s i s t e n t  w i th  t h e  s t a t e  o f  deve lop-  
ment 9f pure s c i e n c e ,  To m i k d  s i g t i i f i c & n t  progress  pure s c i e n c e  
i t s e l f  mus t  b e  suppor t ed  i n  i t s  e f f o r t s  t o  advance fundamenta l  
knowledqe wi thou t  t h e  l i m i t a t i o n  of t o o  s p e c i f i c  p r a c t i c a l  g o a l s . .  
!:any Y u t h o r i t i e s  have c u l l e d  a t t e n t i o n  t o  t h e  f a c t  t h e  a p p l i c a t i o n s  
of pu re  sc iGnce  have p r t i c t i a a l l y  ceueh t  up w i t h  t h e  knowledge 
8 va i l a  b l e  , 

If a n  e a r l y  s o l u t i o n  i s  r e q u i r e d ,  
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- The Broader  Role of S c i e n c e  

The l a s t  war not  oii ly denionstrated t h e  g r e a t  power of 
s c i e n c e ,  e s p e c i a l l y  when s c i e n t i s t s  were o rgan ized  i n t o  g roups  
i n c o r p o r a t i n g  s p e o i a l i s t s  i n  a l a r g e  number of fields, i n  
deve loping  new una e f f e c t i v e  weapons b u t  Ells0 s u w  t h e  b i r t h  of 
a nuch broader  u p p l i c a t i o n  of s c i e n c e  t o  r c i l i t a r y  problems. 
T h i s  b r o a d e r  a p ~ ~ l i c a t i o n  arose f rom a c o n s i d e r a t i o n  of m i l i t a r y  
problems and o b j e c t i v e s  i n  t h e  nlost g e n e r a l  manner, s t a t i n g  then 
i n  ternis o f  o v e r a l l  t a s k s  t o  b e  a c c o a p l i s h e d  r a t h e r  tiion i n  terms 
of the coniponznt s t e p s  c a l l i i i g  f o r  s p e c i f i c  weapons. I n  t h i s  
a p p l i c a t i o n  s c i e n c e  was no t  r e s t r i c t e d  t o  t lpplying p h y s i c s  and 
chemis t ry  t o  produce g a d g e t s ,  b u t  t h e  s c i e n t i f i c  method of 
p rocedure  tws a p p l i e d  t o  t t r c t i c a l  and s t r a t e g i c  problems. 
work was p ionee red  by t h e  o p e r a t i o n a l  a n a l y s i s  g r o u p s  a t t a c h e d  
t o  t h e  s t a f f . o f  most of t h e  f i e l d  c o r i a n d e r s .  

This  

An example of t h i s  broader  a p p l i c a t i o n  o f  s c i e n c e  t h a t  
mipht  w e l l  b e  s t u d i e d  i n  d e t a i l  by t h e  s t u d e n t  i s  t h e  i n v e s -  
t i p a t i o n  of t h e  riiost eff i c i e n t ' B - 2 9  f o r m a t i o n s  c a r r i e d  ou t  by 
t h e  Arrriy A i r  Fo roes  and t h e  F a t i o n o l  Defense Resea rch  Committee, 
The p rob le rm were formulclted i n  such g e n e r a l  tornis us v v I ~  what 
W * Y ,  how f r e q u e n t l y ,  und how e f f e c t i v e l y  can f i g h t e r  p l t ines  
a t t a c k  a s i n g l e  B-29 a i r p l a n e ?  k squsldrorl of B - 2 9 ' ~  w i t h  
s t a n d a r d  s t aok ing?  (7 

Tile s c i e n t i f i c  p rocedure  i n v o l v e s  such f e a t u r e s  a s  o b j e c t i v e  " 

and q u a n t i t a t i v e  a n a l y s i s ,  o b j e c t i v e  o b s e r v a t i o n  of datas, use 
of expe r imen ta l  method where p o s s i b l e ,  a o i l t r o l  and s t u d y  of 
e f f e c t s  of v a r i a b l e s  one a t  a t h e  where p o s s i b l e ,  and w i l l i n g -  
nzss t o  use a11  a v a i l a b l e  t e c h n i q u e s  a n d  s o u r c e s  o f  e x p e r t  
knowledge. These p rocedures  c a n  b e  a p p l i e d  t o  p r a c t i c a l l y  a n y  
t y p e  of problem w i t h  p r o f i t a b l e  r e s u l t s ,  and t h i s  f a c t  was b e i n g  
d i s c o v e r e d  & g a i n  and a g a i n  by m i l i t a r y  l e a d e r s  towards  t h e  end 
of t h e  l a s t  war. 

I n  terns of  such broad problems, t h e  missior i  o f  t h e  A i r  
F o r c e s  h a s  been ana lyzed  from t h e  t e c h n i c a l  p o i n t  o f  view by  
D r .  Th von Ptrmau, chairman of t h e  A;IF S c i e r l t i f i c  Advisory  Board, 
a s  f o l l o w s :  

( a )  To move s w i f t l y  and t r a n s p o r t  l o a d s  t h r o u e h  t h e  a i r  
( b )  To l o c a t e  t a r g e t s  and r e c o g n i z e  them 
( c )  To h i t  t a r g e t s  e c c u r a t e l y  
( d )  To  cause  d e s t r u c t i o n  
( e )  To  f u n c t i o n  i n d e g e u d e n t l y  of weather  and d a r k n e s s  
( f )  To clef e a t  enertiy i n t e r f e r e n c e  
( e )  To p e r f e c t  conri.unications 
( h )  To defend home t e r r i t o r y  

A i r  power i s  d i r e c t l y  p r o p o r t i o n e l  t o  t h e  e f f e c t i v e n e s s  w i th  
which t h e s e  t a s k s  can b e  aocornylished b y  t h e  equipment arid 
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percani le l  a t  hand o r  a v a i l a b l d  1,i a ve ry  s h o r t  t i m e .  It i s  t h e  
bro:3-,(?r r o l e  o f  sciur ica  t o  i n q u i r e  a s  t o  t h e  rriost e f f e c t i v e  
s o i u t i o t i  o f  t h e s e  t a s k s ,  t o  s u p p s t  l i n e s  of d e v e l o p l e n t  of t h e  
most s u i t a b l e  t y p a s  o f  equipr ient ,  t o  a i d  i n  such developments,  
t o  d e v i s e  methods of t e s t ,  and  t o  e v a l u a t e  performalice f rom 
the. s t 'x- idpoi~i t  o f  t h e  broud t a s k  t o  be tcccorilplished. 

The 3 d s D o n s i G i l i t v  o f  t h e  A i r  F o r c e s  

Tvcry c i t i z e n  end every  group of' c i t i z e n s  i n c l u d i n g  t h o s e  
f r o l i  sc lzr ica  and i i rdus t ry  h a s  an i n e s c a p a b l e  r e s p o n s i b i l i t y  
f o r  n a t i o n a l  deferise m d  t h e  s e c u r i t y  o f  t h e  nc t t ion .  To t h e  
iiir Forces ,  however, i s  e n t r u s t e d  t h e  f i n a l  r e s p o n s i b i l i t y  f o r  
i n s u r i n p  t h a t  t i le n u t i o n  i s  prept l red t o  wage v i c t o r i o u s  a i r  
w a r f a r e  o f f e n s i v e l y  arid d e f e n s i v e l y  i f  a t t a c k e d .  T h i s  r e s p o n s i -  
b i l i t y  cat1 n o t  b e  d e l e g a t e d  t o  Qn;i o t h e r  agency ,  y e t  t h e  A i r  
3 o r c c s  would b e  unwise t o  r e l y  solely on i t s  own r e s o u r c e s  i n  
t h e  f u l f i l l r n c n t  of t h e i r  r d s p o n s i b i l i t y .  The  Air F o r c e s  shotild 
c a l l  OL u l l  a v a i l a b l e  th lz ih t  h1:d f a c i l i t i e s  i n  t h e  n a t i o n  and 
should  sponsor t h e  c r e : l t i v e  work of s c i e n t i s t s  and e n g i n e e r s  
s o  n L c e s s a r y  t o  t h e  c r e a t i o n  o f  na t io iL i ; l  s t r e n p t h .  T h e  t a s k s  
s a t  should i i l c lude  broad a s  w e l l  8 s  s p e c i f i c  a s s ignmen t s  and 
lonq-rai ipe t i s  wel l  u s  s h o r t - t e r m  t b s k s ,  

The A i r  F o r c e s  m u s t  assume l e a d e r s h i p  i l i  s e c u r i n g  t h e  
c o c p e r a t i o n  of s c i e i l ce  arid i i i d u s t r y .  k l l  t k e e  groups  m u s t  a r r i v a  
a t  t i t  ur lders tandinp of t h e  p r i n c i p l e s ,  ~ o t i l : - ; ,  d i f f i c u l t i e s  and 
n e c e s s a r y  a c t i o l i s  by each proup t o  f u l f i l l  t i i e i r  s e p a r a t e  
r e s p o n n i b l l i t i e s  f o r  n;lt ; r J I i a l  s e c u r i t y .  Thz  problzrn o f  secufi ing 
t h i s  c o o p z r a t i o n  ClurinP p a c t 3  tirna i s  a v w y  d i f f i c u l t  one  tlnd 
p o s i t i v e  s t 2 p s  n u s t  be t akan  b y  €111 thoFe concerrl6d. 

~n a d d i t i o n  t o  t h e  u t i l i z a t i o n  of s c i e r i t i f i c  and i n d u s t r i a l  
u r p a n i z b t i o n s  and o f  t e c h n i c a l  s k i l l s  and a b i l i t i e s  wherever  
fourid, thz Air F o r c e s  havt: d e f i n i t e  r e s p o n s i b i l i t i e s  f o r  improving 
t h e i r  m i l  u t i l i z a t i o n  o f  s c i e n c e  arid s c i e n t i f i c  mzthods. 
Fer zonti?l. u t  a l l  l e v e l s  n u s t  i n c l u d e  z a n y  a o r e  s c i e n t i f i c a l l y  
q u t i l i f  L e ?  ne11 ht id €111 personriel  n u s t  have e r e u t e r  knowledge of  
th.r! ao t i iods  snd p o s s i b l e  accorrlpli s h w n t s  of s c i e n c e ,  1:or-e 
e f f e c t i v e  use l;,ust be made o f  the t e c h n i c a l  skills o f  men a l r e a d y  
i r L  t h e  A i r  F o r c e s  f a n i l y  and of t h e  A&? s c i e n t i f i c  and t e c h n i c a l  
f a c i l i t i e s .  
p z r s o n n e l  f o r  t h e i r  own s c i e n t i f i c  work. 

The A i r  F o r c e s  n lus t  r e c r u i t  and t r h i n  q u a l i f i e d  

Coc,peratiGn between s c i  encs  tind 
the Air Fbr'ces 

C r O U l .  - Thd gotll 01' t h a  c o o p e r a t i o n  betweell s c i e n c e  and t h e  
Air F o r c e s  htls bezri s t ; ; l t ed  i n  rrdny ways, f o r  exan,plo by c o l o n e l  
G l u r i t z b e r g ,  " t o  b u i l d  th t t t  e f f e c t i v e  p r t n e r s h i p  which w i l l  
1 



Il iaintain f o r  the  Un i t ed  S t a t G s  t h a t  t e c h n i c a l  s u p e r i o r i t y  
i n  the u i r  needed t o  i i ;sure v i c t o r y  i n  any f u t u r e  war". 
o1*Ci+:r t o  er.,pliasize t k t  t h i s  is h mutual  g o a l  we may r e s t a t e  
it, i n  terrm of r e s u l t s  t o  b e  a c c o n q l i s h e d  w i t h i n  each  group,  
n m e l y ,  t o  c r e a t e  w i t h i n  t h e  A i r  F o r c e s  a s c i e n t i f i c  a tmosphere  
and t o  deve lop  o. c o n t i n u i n g  i n t e r e s t  011 t h e  p a r t  of l e a d i n g  
s c i a t i s t s  i n  t h e  problems of a i r  w a r f a r e .  If t h e s e  g o a l s  a r e  
r -cci ied,  t e c h n i c a l  s u p e r i o r i t y  w i l l  be  a t t a i n e d .  

I I i  

The c r e a t i o n  of  a s c i e n t i f i c  a tmosphere w i t h i n  t h e  A i r  
F o r c e s  i a p l i e s  n o t  o i J y  t h e  b u i l d i n g  of a n  o r g a n i z a t i o n  i n  which 
t h z  s c i e n t i f i c  rlethod and p rocedure  i s  a p p l i e d  i n  t h e  b r o a d e s t  
p o s s i b l e  vmjr b u t  s t i l l  xore  t h e  development o f  a n  e s p r i t  de  c o r p s  
f u v o r a b l e  t o  t h e s e  niethods and p r o c e d u r e s .  
a w i l l i n g n e s s  b u t  a des i r e  t o  u s e  o b j e c t i v e  end Q u a n t i t a t i v e  p ro -  
cedures  where p o s s i b l e ,  t o  r a l y ,  i n  t e c h n i c a l  f i a t t e r s  e s p e c i a l l y ,  
on t h o s e  wi th  e x p e r t  knowledge, a n d  t o  look  f o r  t e c h n i c a l  l e a d e r -  
s h i p  t o  teChIi iCbl ly  q u a l i f l e d  l w d e r s ,  

There m u s t  be n o t  o n l y  

The i n t e r e s t  of l s a d i n c  s c i e n t i s t s  i n  t h e  problems of a i r  
w a r f a r e  is of cour se  p r e a t l y  a f f e c t e d  b y  tile s c i e r i t i f i c  s t a t u r e  
of t h e  A i r  Fo rces .  I;-:owever l e a d i n g  s c i e n t i s t s  should  b e  i n t e r e s t e d  
i n  t h e  s c i s n t i f i o  s t a t w w  of t h e  Air F o r o m  ht3 w11 t l ~  i n  a t h m  
s c i c n t i f i c  p r o b l e m  of t h e  A i r  F o r c e s .  The g o a l  i s  h e r e  s t a t e d  a s  
orit? f o r  t h e  s c i e r i t i s t s  who huve now corie t o  r e h l i z e  t h e  n e c e s s i t y  
o f  coriing t o  g r i p s  w i t n  problems a r i s i n g  f r o a  t h e  iuipact o f  s c i e n c e  
on s o c i e t y .  

F r i n c i p l e s .  - Cooperat ioi i  between s c i e n c e  a n d  t h e  A i r  F o r c e s  
s h o u l d  b e  based on c e r t a i n  p r i n c i p l e s  which a r e  now w e l l  known. 
These a r e  a s  f o l l o w s :  

1, An adequtlte r :a t ior , s l  prograr,, f o r  ex tend i i ig  t h e  f r o n t i e r s  
of knowledge i n  v a r i o u s  f i e l d s  o f  s c i e n c e  i s  a n e c e s s a r y  a d j u n c t  
t o  t h e  rJlaiILtenaiice o f  t h e  E i i l i t a r y  s e c u r i t y  o f  t h e  n a t i o n .  

F r a v i o u s  e x p e r i e n c e  h a s  shown t h a t  eve ry  s c i e n t i f i c  
devel:.pirient e v e n t u d i l y  f i n d s  i t s  way i n t o  a c t i v i t i e s  
coriilect s d  wi th  w a r f a r e .  Eodern war i s  i n c r e a s i n g l y  
t o t a l  w a r f a r e  and u t i l i z e s  b 1 1  t h e  r e s o u r c e s  o f  t h e  
n a t i o c s  i i ivolved.  Fuiidu:[,ental o r  b a s i c  r e s e a r c h  which 
is h e r e  ur:d$r c o n s i d c r a t i o n  requires  t ine .  h'hereas 
a p p l i e d  r e s e a r c h  8nC ddvelapr,ient CUI: b e  e x p e d i t e d  by 
t h e  a p p l i c a t l c n  af  rrioro iznriey sr:d nalip:ower, f u r l d m e n t a l  
r u s e b r c h  coi l tuir is  riuny u n p r e d i c t a b l e  el-ements wid un- 
' c o n t r o l l a b l e  f z c t o r s ,  lJars a r e  f o u p h t  w i t h  weapons 
based on f undar.,entclls d i s c o v e r e d  d u r i n g  t h e  pr  a c e d i n g  
y e a r s  of  p e a c e ,  It i s  t h e r e f o r  c l e a r  t h a t  m i l i t a r y  
a u t h # > r i t i e s  should  f o s t e r  f u n d u m n t u l  a s  ne11 t is 
u p p l i  ed s c i  erl t i f i c r o s e a r  o h 
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2. FurAdamental s c i e n t i f i c  r e s e a r c h  i s  dependent  on an  
atxLosp)here of f r d e d o h  f r o n  i t n e d i a t e  s p e c i f i c  goa l s  atid t ine  
t u b l e s ,  freedor., t o  d i s c u s s  wid exchange i d e a s ,  and freedoril f r o m  
c o n t r o l s  arid r e s t r i c t i o n s .  

The discover.:r of nev  knowlsdge i s  an  i n t e l l e c t u a l  
a c t i v i t y  of t h e  h i g h e s t  t y p e  and f l o u r i s h e s  o n l y  i n  t h e  
u t rmsyhere  of g r e a t e s t  freedom, ' / ;e shall s a e  t l i h t  marly 
of t h e  d i f f i c u l t i e s  01' c o o p e r a t i o n  a r i s e  f ron;  t h e  
i r , ,p l icBtions of t h i s  p r i n c i p l e  and i t s  a p p a r e n t  
c o n f l i c t  w i t h  n l i l i t t i r y  p r a c t i c e s .  

Tile r e su l t s  of fundamenta l  r e s e a r c h  a r e  a p p l i c a b l e  i n  
i ioi l -n; i l i tbry & S  w e l l  a s  I i d l i t a r y  f i e l d s ,  atid f u r n i s h  the broad 
S ~ S Z  fron, which h l l  t ipp l ied  resecircli  and i n d u s t r i a l  developments  
p r o c w d .  

T n i s  p r i n c i p l e  has idany i x z p l i c a t i o n s ,  Whereas,  tls 
p r 3 v i o u s l y  s t s t a d ,  t h a  n d l i t a r y  b u t h o r i t i e s  should  
f o s t e r  f 'unducailtal r e s e u r c h ,  t h d y  should  i n  no tvay 
d i c t a t e  o r  c o n t r o l  t he  u s e  of' t h e  r e s u l t s .  The A i r  
F o r c ~ s  should  r r a i r i t u i i i  c l o s e  l i a i s o n  t o  keep  infornied 
on devGlopnents w i t r i  i r m e d i a t e  i , d . l i t u rg  a p p l i c a t i o n s ,  
It is u p p r o p r i u t e  t h a t  sor& o f  t h e  c o s t  of fur idamxi ta l  

p r e p a r  Gdne ss . r e s e a r c h  b u t  no t  t h e  tdholo c o s t  bo charped t o  m i l i t a r y  

4 *  As s c i e n t i f i c :  dt:valopt,ents proceed  froCl t h c  stuc;e,of 
pur2 r e s e b r c h  t o  b p p l i d d  r e s e a r c h  arid t o  d e v e l o p m n t ,  f r ee  
e n t d r p r i s e  ur,d i n i t i u t i v e  shou ld  b e  n ;a in tu ined  arid c e n t r b l i z e d  
d l c t u t o r i a l  coriLro1 of p r o j e c t s ,  fu i lds ,  und f a c i l i t i e s ,  shou ld  
b e  clvoidGd, 

I d e a s  u i i ?  s k i l l s  @re w i d e l y  d i s p e r s e d .  Eveii though 
the g o a l s  of a p g l i e d  r e s e a r c h  and developr{,eiit p r o j e c t s  
3rd c o n c r z t e  a;Irid s p e c i f i c ,  t h e  a t t a c k  on t h e s e  p;osrls 
should b e  d i v d r s i f i e d .  Freedom of t h e  q e a c i e s  and 
s c i e n t i s t s  enpuged i n  t h d  tvork i s  a n e c e s s i t y  h e r e  as 
i n  f u n d a a e n t u l  r z s e a r c h  i f  t h e  b e s t  use i s  t o  b e  mada 
ol" t h e i r  t i b i l i t i e s ,  

U i f f i c u l t i u s .  It is  w e l l  t o  f a c e  f r & n k l y  snIrlc? of t h e  
d i f f  i c u l t i z s  With hbve a r i s e n  o r  which ntiy a r i s e  i n  c o o p e r a t i o n  
between scierice hnd t h e  A i r  F o r c e s .  PGrhaps t h e  fo remos t  i s  
t h a t  of' t hd  appbren t  coiif l i c t  between s c i e n t i f i c  freedorfi und 
n i i l i t h r y  s e c u r i t y *  The p o i n t  o f  view of t h e  s c i e n t i s t  hhs  been 
a b l y  prese t i ted  by I,. 1'. Rid5iiour i n  uri a r t i c l e  i n  t h e  Noveniber 
1945 i s sue  of  F o r t u n e ,  There i s  no d isapreement  011 t h e  d e s i r a -  
b i l i t y  of s e c r e o y  i n  peace- t ime on t h e  d e t a i l s  of t h e  d e s i g n  
arid perf orriiarice o f  n d l i t a r y  weupens,  p r o c u r e n e n t  s t a t i s t i c s ,  
t h o t i c a l  arid s t r u t e g i c u l  p l a n s ,  und sirrL1ar nikitters. The . 
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s c i e n t i s t  f e e l s ,  however, t h z t  any  a t t e m p t  a t  s d c r e c y  on b a s i c  
r,ci:?iitif i c  w t t e r s  is a c t u a l l y  dc t r i r ; l en tu l  t o  n a t i o n a l  s e c u r i t y .  
19 t h a  first  p l ~  ce i t  i s  i,,ef:. 'ective, because  t h e  phenomena 
o f  m t u r e  8rt: u n i v e r s a l  and cuti riot b e  kept  hidderL; and i n  t h e  
second p l a c e  sac raoy  hand icaps  t h e  e x c h i n r e  and i n t e r p l a y  of 
d i  s c u s s i o n  between s o i e n t i s t s  which a c c e l e r a t e s  p r o g r e s s .  The 
s c i e t l t t s t  f e e l s  t h a t  the b d s t  g u a r a n t e e  o f  s e c u r i t y  i s  t h e  
ibAhi r , t  e m n c e  of t eci-inicul l e u d e r  s h i p  . 

Secrecy  r e c u l a t i o n s  a l s o  i r i t roduce  d i f f i c u l t i e s  i n  a c q u u i n t i n g  
c i v i l i a n  proups  w i t h  t h e  s t a t u s  of A i r  F o r c e s  t a c l m i c u l  problerns. 
These r e F u l b t i o n s  arc: somt ines  n&sused t o  conceu l  incorLpetence, 
t o  s e c u r e  p o l i t i c a l  cdvantuge ,  and t o  i c d i r e c t l y  c o n t r o l  t h e  
rdl2a:;e of s c i e n t i f i c  i n f o r m t i o r l  by c i v i l i a n  !groups. These 
abuses  mst of c o u r s e  be  c o r r e c t e d .  

A secoiid d i f f i c u l t y  a r i s e s  from t h e  veri? d i f f e r e n t  ne thod  
r ~ q u i r e d  t o  s u c c e s s f u l l y  conduct f m d a n e n t u l  r e s e a r c h  a s  conpared 
w i t h  t h a t  r e q u i r e d  on un u p p l i e d  r e s e a r c h  o r  developriLent p r o j e c t .  
Development p r o j e c t s  car1 b a  def ini te1:y scheduled ,  t h e i r  c o s t  
atid t h e  e s t i m a t e s  can b e  KLadt, and t h e i r  r a t e  o f  p r o g r e s s  can  
be t.0 a l a r g e  e x t e n t  c o r i t r o l l e d  b y  v a r y i n g  tht:  aI.;ount o f  f i n a n c i a l  
supi !nr t .  So l o n g  as  t h e y  invo lve  no new f !rnilamentul s c i e n t i f i c  
knowledge, o. success fu l '  r e s u l t  c a n  b 3  p r a c t i c a l l y  g u a r a n t e e d  
if s u f f i c i e n t  f u n d s  and  q u a l i f i e d  persoririel a r e  a v a i l a b l e .  
fundamental  r e s d a r c h  on t h z  o t h e r  htind t h a  oiitcor;ie of any 
s p e c i f i c  p r o j e c t  can r iot  ba gua ran teed  t o  b e  t h a t  d e s i r e d .  The 
e s t i n a t e s  of c o s t  and t i m e  a r e  a lmos t  a lways  found t o  b e  i l l u s o r y .  

Fo r  exaraple, once t h e  sr;,all i i uc l ea r  m e r g y  p i l e  a t  Chicage 
showed t h o  possibility of a cirairi react ioi i . ,  t h e  deve lopnent  o f  
t h e  a t o m i c  boiiib was o n l y  a m a t t e r  of money and e f f o r t .  It was 
a development p r o j e c t  and o t h e r  r i a t ions  can b e  expec ted  a l s o  t o  
con,]:,lete a s k i l a r  o r  S e t t e r  developnient b y  t h e  e x p e n d i t u r e  of  
r:,oney and  e f f  art,, Likewise t h e  developrrient o f  n u c l e a r  power 
p l a n t s  i s  H developniant p r o j e c t .  on t h e  o t h e r  nand t h e  deve lnp-  
r;,d.nt of a cu re  for cancer  o r  of a n  a c c u r a t e  101ip r a n g e  mis s i l e  
iis no t  a davelopnient p r o j e c t .  
of the  cause  of  c a n c e r ,  and t h e  f a c t o r s  c o n t r o l l i r l f r  c e l l  growth 
a r t :  n o t  y e t  a v a i l b b l e .  S i n i l a r l y  t h e  b a s i c  knowledge r e q u i r e d  
i u  t h e  l u n e  r a n p e  rriissile probler;, i s  n o t  at; hand. While i t  i s  
probable t h a t  t h e  e x p e n d i t u r e  of  t i m  and riloney w i l l  a c G e l e r a t e  
the s o l u t i o n  o f  such problems,  i t  i s  not  c e r t a i n .  The n e c e s s a r y  
bdvance n i i y  c o m  f r o r ,  s o m  o b s c u r e  worke r  and pe rhaps  from 
SOILC orie n o t  even  working on t h e s e  p a r t i c u l a r  problerns a t  a l l .  

I n  

5 

The funda f i en ta l  s c i e n t i f i c  knowledge 

T h e  r e s u l t s  of ti developilient p r o j e c t  a r e  p h y s i c a l ;  t h o s e  
of f undemental r e s e a r c h  mentaJ. and i n t a n g i b l e ,  Any l i a i s o n  
o f f i c e r  can  see p r o g r s s s  i n  p i e c e s  of e q u i p m n t  c o a p l e t e d ,  o r  
eve11 drawings  of' r z p o r t s  i n  p r o e r d s s .  p r o p r e s s  i n  f'undariiental 
r e s e a r c h  i s  e r r a t i c  snd may even  b e  backward f o r  a t ime ,  It 
can net be rheasured b y  t h e  voluriie of a r e p o r t  o r  b y  rilali hours  
expended. Tha s c i e n t i s t  hirnself' c a n  not f o r e s e e  t h e  p o s s i b l e  
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a p p l i c a t i o n s  of h i s  r e s u l t s  or e v a l u a t e  t h e i r  t r u e  worth.  1:any 
of t h a  d i f f i c u l t i e s  between s c i e n t i s t s  and u i i l i t a r y  a e n  a r i s e  
fror:, con fus ion  between r e s e a r c h  work and development work and 
t h e  attteriipt t o  acconipi ish b y  t h e  development p r o c e d u r e  ti j o b  
which r e q u i r e s  fundamental  r e s e a r c h  r a t h e r  t h a n  a p p l i e d  r e s e a r c h ,  
For exanp le ,  guided nissi l e  development r e q u i r e s  fundarnental  
r e s e a r c h .  It i s  n o t  known whether  an aii t i-V2 missile can b e  
n u d e  t o  work o r  n o t .  The re  i s  l i t t l e  p r o s p e c t  o f  s u c c e s s  i n  
s o l v i n g  t h i s  problem by Q one-year deva1opr;lent p r o j e c t ,  

A t h i r d  s n u r c e  of d i f f i c u l t y  l i e s  i n  t h e  d i f f e r e n c e s  i n  
tenqerament  b2tween s c i e n t i s t s  and m i l i t a r y  rnen. S c i e n t i s t s  
a r 6  l e d ;  n i i l i t a r y  riien a r e  coirirnanded. S c i e n t i s t s  have o n l y  
t h . .  d u t h o r i t y  of' p e r s o n a l  competence; r r i i l i t a r y  cieii have t h e  
s lutr ior i ty  e s t a b l i s h e d  by t h e i r  r a n k .  An i d e a l  s c i e n t i f i c  
o r m n i z a t i o n  c -or i s i s t s  of a n  a s s o c i a t i o n  of sma l l  g r o u p s  w i t h  
each  man;ber f r e e  t o  m i r e  s u g c e s t i o n s  t o  b e  c o n s i d e r e d  on t h e i r  
msrits and l e d  by ;,le11 whose t e c h n i c a l  accoriipli shrrients commnd 
r e s p e c t  rirld erliulation. A m i l i t a r y  o rg ,un izu t ion  h a s  a c h a i n  
of cornand and e a c h  m r l  i s  t r t i i n e d  t o  obey t h e  o r d e r s  o f  h i s  
s u p s r i o r  o f f i c e r  r e p a r d l e s s  of' h i s  p e r s o n a l  j udgnen t .  f i f f i c e r s  
&re t r a i n e d  t o  nake  quick. d e c i s i o u s .  T h i s  t w i n i n g  und t e r q e r a -  
ilient s o  necessary  on the b u t t l G f i e l d  Is entirely urisui ted t o  
s c i e n t i f i c  work, 1 have p u r p o s e l y  p a i n t e d  t h e  c h r a c t e r i s t i c  
ter,garara.ent s i n  s h a r p  u o n t r a s t ,  k r i O W i I i e  t h a t  t h e  i d e a l  m i l i t a r y  

- 
1% 

i 

I 

o f f i c e r  l e a d s  r a t h e r  than  o r d e r s  trnd t h b t  d i s c i p l i n e  i s  n e c e s s a r y  
eve11 i n  s c i e n t i f i c  o r g a n i z a t i o n ,  ~ ~ o i w v e r  a l l  of you should  
b e  f a m i l i a r  tvitn the f a c t  t h a t  s c i t ? i l t i f i c  p e o p l e  a r e  u i l taeonized  
by  t o o  m c h  cornkind. 

A f o u r t h  sourct? of d i f f i c u l t y  a r i s e s  f ron;  t he  d i f f e r e n t  
coi icepts  of a l l o c a t i o i i  o f  c r e d i t  f o r  i d e a s  and work and  t h e  
ha:idlirip of p u b l i c i t y  and p u S l i c  r e l e t i o n s  i n  g e n e r a l .  I n  Inost 
s c i e n t i f i c  o r g a n i z a t i o n s  w i t h  8 few e x c e 2 t i o n s  e i l p h a s i s  i s  p l a c e d  
(3n t h z  p e r s o n a l  c o n t r i b u t i o n s  of t h e  i n d i v i d u a l .  In a .  r r l i l i t a ry  
o r g u n i z a t i o n  a s  well  a s  in 1;any i r i a u s t r i u l  o r g a n i z a t i o n s  t h e  
i n d i v i d u a l  i s  s u b o r d i n a t e d  t o  t h e  group. Team work is s t r e s s e d ;  
th-3re mag b e  i n d i v i d u a l  r e c o p n i t i o n  of i t i d iv idu t i l s  w i t h i n  t h e  
F roup  b u t  it i s  t h e  work o f  t h e  whole team which i s  eiiiphasized 
i n  p u b l i c  r G l a t i o n s .  The s c i e i i t i s t  uins t o  givG r e f e r e n c e s  
i n  h i s  r u p r t s  and p u b l i c a t i o n s  t o  o t h e r  i n d i v i d u a l  workers  and 
erl.phasizes t n a t  no one p e r s o n  o r  proup i s  solely r e s p o n s i b l e  
f o r  s c i e n t i f i c  advunces.  Thd r d l i t a r y  o r g a t i i z a t i o n  i s  l i k e l y  t o  
overemphasize i t s  own c c Q t r i b u t i o n s  and t o  a v o i d  any  mention of 
t h e  work o f  any  o t h e r  group,  I n  a rcast f l a g r a n t  c a s e  r e c e n t l y  
a c o n t r a c t o r  purchased  ti s t a n d a r d  r o c k e t  I totor ,  p l a c e d  a wooden 
s h a l l  around it w i t h  wincs and t a i l ,  and f i r e d  t h e  r o c k e t .  The 
p u b l i c i t y  relzrlst :  f r o a  t h e  m i l i t a r y  agency had much t a l k  of a n t i  
V-2  m i s s i l e s  aiid ir ; ,plied c o n s i d e r a b l e  progrGss toward a s o l u t i o n .  
A c t u a l l y  no rzal advance had been a c c o n p l i s h e d .  Such i n c i d e n t s  
a r e  bound t o  C B U S ~  d i f f i c u l t y ,  

.. 
,/' 
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It i s  b e l i e v e d  t h a t  t h e s e  d i f f i c u l t i e s  can b e  overcorile i f  
t h e r e  i s  r n u t u b l  u n d s r s t a n d i n q  and ti des i r e  t o  f i n d  a s o l u t i o n ,  
sorile d e f i n i t e  sugges t io l i s  t i i l l  now be g i v e n  wi th  g r e a t a s t  
a t t e n t i o n  g i v e n  t o  a c t i o n s  which shou ld  be  t aken  b y  t h e  A i r  
Fo rces  s i n c e  t h i s  l e c t u r e  is addres sed  t o  A i r  Fo rce  o f f i c e r s .  

Suppested A c t i o n  by S c i e n t i f i c  Groups .  - There  i s  a tendency  on  
t h e  p a r t  of  s o m  s c i e r i t i f ' i c  g roups  t o  adopt  a n  ex t r eme ly  narrow 
p o i n t  of ' v i e w  toward t h e i r  own r e s p o n s i b i l i t i e s  t o  t h e  n a t i o n ,  
t o  t ake  p r i d e  i n  t h e  t e c h n i c a l  exoel le r lce  of t h e i r  accor; lpl ishnents  
b u t  t o  t a k e  no r e s p o n s i b i l i t y  f o r  t h e  s o c i o l o g i c u l  e f f e c t s  o f  t h e i r  
a c t i v i t i e s .  S i n c e  t h e  s c i e n t i f i c  method r e q u i r e s  thi: i s o l a t i o n  
o f  c e r t a i n  a s p e c t s  of n a t u r a l  plienonlena arid the i g n o r i n g  of 
o t h e r  a s p e c t s  corLs idered  I lon -es sen t i a l  t o  t h e  p t i r t i c u l a r  probler;;, 
s c i e n t i s t s  have  a tendsnoy t o  l i v e  i n  i v o r y  towers  o u t  o f  c o n t a c t  
w i t h  t h e  w o r l d  of cornmerce, industrLr,  aud human a f f a i r s .  F o r t u n a t e -  
l y  t h e s e  I s o l u t i o n i s t  te i lder lc ies  a r e  p a s s i n g  and i t  i s  t o  be 
expec ted  t h a t  s c i e 1 , t i s t s  w i l l  a c c e p t  s o m  r e s p o n s i b i l i t y  f o r  
n a t i o n a l  d e f e n s e ,  'dh i le  s c i e u t i s t s  p r e f e r  t o  d e v o t e  t h e i r  e n e r g i e s  
t o  p m c e f u l  p u r s u i t s  and  t o  c a l l  a t t e n t i o n  t o  t h a  co1 , t r ibu t ions  
o f  s c i d n c e  t o  h u t m  w l f a r e ,  t h e y  can  no t  s a f e l y  i g n o r e  comple t e ly  
t h e  p o s s i b i l i t y  of f u t u r e  l i a r s .  Hence eve ry  s c i e n t i s t  and 
s c i . e n t i f i c  proup mist see t h a t  s t o p s  a r e  tukeri t o  keep  i r i  t o u c h  
with problems of w i r f u r e ,  d i s t a s t e f u l  a s  tlie t a s k  irlay b e ,  

It i s  a l s o  sugpes t ed  t h a t  s c i e r i t i s t s  rilake a s i n c e r e  e f f o r t  
t o  unde r s t and  t h e  r a s p m s i b i l i t : ;  o f  o u r  m i l i t a r y  f o r c e s  and 
r e s o l v e  t o  o f f e r  c o n s t r u c t i v e  r a t h e r  thari d e s t r u c t i v e  c r i t i c i s m ,  
A s  s t a t e d  b a f o r z  the  problci,i of s ecu r i i , g  c o o p e r a t i o n  between 
s c i z r l c e  and t h e  A i r  F o r c e s  in peace  t ine is  a n  extrerr ,ely d i f f i c u l t  
probierri and r e q u i r e s  f o r  i t s  s o l u t i o n  c o n s t r u c t i v e  t h i n k i n g  on 
t h e  p a r t  o f  a l l  coiicerned. S c i s n t i s t s  should  b e  w i l l i n g  t o  t a k e  
p a r t  i n  t h e  e d u c a t i o n  of n i l i t a r y  p e r s o n n e l ,  t o  s d r v e  B S  c o r l s u l t a n t s  
and members of  a d v i s o r y  co lnni t tees ,  and t o  g i v e  a c e r t a i n  f r a c t i o n  
of t n e i r  s c l e r l t i f i c  e f f o r t  t o  m i l i t a r y  probleii ls ,  F i r s t  hand 
c o n t a c t s  m k d  f o r  t h e  d e s i r a d  rtiutual under s t a n d i n g  o r  h i g h  l i g h t  
c o n d i t i o n s  i n  s c i e n t i f i c  i r i s t i t u t i o n s  and i n  t h e  A i r  F o r c e s  which 
r e q u i r e  c o r r e c t i o n ,  The b u i l d i n g  of t h e  n e c e s s e r y  p a r t n e r s h i p  
r e q u i r e s  e f f o r t  cri t h e  p a r t  of b o t h  p o u p s  and i s  n o t  a one-sided 
a f f a i r .  

Supgested Ac t ion  by t h e  A i r  Fo rces .  - The s t e p s  which shou ld  b e  
t a k e n  by t h e  A i r  F o r c e s  t o  f o s t e r  c o o p e r a t i o n  between s c i e n c e  
and t h e  A i r  Fo rces  were s t u d i e d  a t  c o n s i d e r a b l e  l e n g t n  by t h e  
s c i e n t i f i c  Advisory  Group t o  t h e  CoI;mndir;g CreiLeral M and t h e  
f o l l o w i n g  sueges t ions  r e s u l t  l a r g e l y  f'rorr, t h e  work of t h a t  group. 

The s e c u r i t y  probler., can b e  s o l v e d  by two s t e p s : -  

1, Adopt t h a  p o i n t  o f  view of t h e  s c i e n t i s t s  toward 
f u n d m e n t a l  s c i m t i f i c  d a t u  evzn i n  such  f i c l d s  t is  
s u p a  s o n i c  a e r o d y n m i  c s ,  t e rmina  1 ba  11 i s t  i c s, j e t  
p r o p u l s i o n .  A l l  such  data  t lot  referrille t o  s p e c i f i c  

4 
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m i l i t a r y  weapons o r  t h e i r  d e s i g n  shou ld  b e  u n c l a s s i f i e d  
and m i l i t a r y  a s  we l l  a s  c i v i l i a n  p e r s o n n e l  should n o t  
on ly  b e  p e r m i t t e d  b u t  encouraged t o  t a k a  p a r t  i n  t h e  
d i s c u s s i o n  o f  such fititters a t  s o c i e t y  mee t ings  and 
p u b l i c a t i o n  o f  i n d i v i d u a l  s c i e n t i f i c  c o n t r i b u t i o n s  i n  
t e chn i  CB 1 j o u r n u l  s . 

2. Adopt the p o i n t  of view o f  t h e  n i l i t a r y  toward 
d e s i g n  s t u d i e s  of m i l i t a r y  weapons and t h e  a p p l i c a t i o n  
of s c i e n c e  t o  m i l i t a r y  problems.  However, talc6 s t e p s  
t o  b r i n g  c i v i l i a n s  i n t o  t h e  p a r t n e r s h i p  aiid e s t a b l i s h  
a forur;, f o r  d i s c u s s i o n ,  The idea  of conipar tmeri ta l iz ing 
inforrr la t ion on t e c h n i c a l  developments  i s  e n t i r e l y  wrong 
aiid l irdts t h e  r a t e  of p r o g r e s s .  
should  b e  l i m i t e d  t o  o p e r a t i o n a l  p l a n n i n g .  
measures  s u p p s t e d  ar t?  t h e  e s t a b l i  shrsent of l i b r a r i e s  
of c l a s s i f i e d  m a t e r i a l  i n  v a r i o u s  t e c h n i c a l  f i e l d s  a v a i l -  
a b l e  t o  p r o p e r l y  c l e a r e d  c i v i l i a n  s c i e r l t  i s ts ,  t h e  
e s t a b l i s h r i e n t  of 8 s c i e n t i f i c  s o c i e t y  w i t h  c l e a r e d  c i v i l i a n  
arid m i l i t a r y  members h o l d i n g  c l a s s i f i e d  ffieetings and 
p u b l i s h i n g  ti c l a s s i f i e d  j o u r n a l .  

Such s e c u r i t y  rl leasures 
Th:: s p e c i f i c  

The Air Forces sheuld s u p p o r t  d i r e c t  rdo6arch c o n t r a c t s  
between t h e  A i r  F o r c e s  and s c i e n t i f i c  i n s t i t u t i o n s  bo th  f o r  funda- 
men ta l  and f o r  a p p l i e d  r e s e a r c h  p r o j e c t s .  A t y p e  of c o n t r a c t  
and working r e l a t i o n s h i p  which e n a b l e s  f reedom . in  t h e  methods 
used  and r e c o g n i z e s  t h e  p r e s e n c e  of? unknown f a c t o r s  i n  r e s e a r c h  
work should  b e  developtLd. The procurenlerit c o n t r a c t  i s  d e f i n i t e l y  e. 

u n s a t i s f a c t o r y .  
i n  g e n e r a l  t e r m  and f o r  r e a s o n a b l e  c o n t i n u i t y  of e f f o r t .  A i r  
Force  p e r s o n n e l  rdst l e a r n  t h e  d i f f e r e n c e  between a r e s e a r  ch 
problem and a development p r o b l e n .  

' p r o v i s i o n  should  be fiade f o r  state1Iientsof g o a l s  

The A i r  F o r c e s  should exchange p e r s o n n e l  w i t h  c i v i l i a n  
s c i e n t i f i c  i n s t i t u t i o n s ,  The Air F o r c e  p e r s o n n e l  shou ld  n o t  b e  
a s s i p n e d  a s  r e p o r t e r s  o r  a s  l i a i s o n  or a s  s u p e r v i s o r y  o f f i c i a l s  
b u t  mere ly  f o r  t he  purpose  of l e a r n i n g .  They should  b e  a s s i g n e d  
f o r  ex tended  p e r i o d s  and p r e f e r t b l y  t a k e  p a r t  i n  t h e  a c t u a l  
s c i e n t i f i c  work. S i m i l a r l y  a r r angemen t s  should  b e  imde for 
c i v i l i a n  p e r s o n n e l  t o  work i n  s e r v i c e  l a b o r a t o r i e s  and a t  s e r v i c e  
p rov ing  grounds  and t e s t  s t a t i o n s ,  

The A i r  F o r c e s  a t  a l l  l e v e l s  should  make u s e  of c i v i l i a n  
s c i e n t i f i c  c o n s u l t a n t s ,  They shou ld  be  a d m i t t e d  a s  p a r t n e r s  
i n  t h e  f o r f i u l a t i o n  of s c i e n t i f i c  p o l i c y  and broupht  i n t o  c o n t a c t  
w i t h  c u r r e n t  problems. They should  n o t  b e  r ega rded  a s  p r o p h e t s  
of t h e  f u t u r e  b u t  a s  p e r s o n s  whose knowledge and  e x p e r i e n c e  
should  be u t i l i z e d  bo th  i n  c u r r e n t  problems a n d  i n  p lanr i ing  f o r  
t h e  f u t u r e .  

The A i r  F o r c e s  should  g i v e  c o n s i d e r a t i o n  t o  t h e  f o r m u l a t i o n  
of Coopera t ive  l a b o r a t o r i e s  i n  which t h e  A i r  F o r c e s  would htindle 
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a d m i n i s t r a t i v e ,  f i n a n c i a l ,  arid m n a g e r i a l  q u e s t i o n s  a n d  t h e  
s t a f f  rrembers of t h e  c i v i l i a n  agency would su i~p l j r  s c i e l l t i f ' i c  
d i r e c t i o n .  I n  t h i s  way a h i e h  l e v e l  of l e a d e r s h i p  cou ld  be 
ob ta ined  which niieht n o t  be r eaohed  i r ,  811 i r i s t i t u t i o n  i n  which 
t h e  s c i e n t i s t s  ware m p l o y e e s  of t h e  A i r  Fo rces .  

' 0  

F i n a l l y  t h e  A i r  F o r c e s  shou ld  u n d e r t a k e  t h e  establishment 
of il s c i e n t i f i c  r e s e r v e  b u i l t  up  o f  s c i e n t i s t s  who havJ been 
a s s o c i s t e d  by exchange w i t h  c i v i l i a n  i n s t i t u t i o n s  o r  o t h e r w i s e  
wi th  t h o  t e c h n i c a l  p r o b l e m  of  t h e  A i r  F o r c e s ,  

To sun: up, s c i e n c e  rriust b e  a c c e p t e d  a s  a r e a l  p a r t n e r  n o t  
a s  a h i r e d  hand t o  deve lop  and o p e r a t e  g a d g e t s .  

Coopera t ion  between I n d u s t r y  and t h e  A i r  F o r c e s  

I n  the a p p l i c h t i o n  of s c i e n c e  t o  the d e v e l o p m n t  of weapons 
we G u s t  c o n s i d e r  no t  o c l y  s c i e n t i s t s  and s c i e n t i f i c  o r g a n i z a t i o n s  
devoted t o  pu re  and a p p l i e d  r e s e a r c h  b u t  a l s o  t h o s e  a g e n c i e s  
ongaged i n  t h e  devulapment and mariufacturo of  m i l i t a r y  equ ip -  
ment which make p o s s i b l e  t h e  w i d e  a p p l i c u t i o n  of s c i e n c e  i n  
p r o v i d i n g  the  p h y s i c a l  t o o l s  used  b y  t h a  A i r  F o r c e s .  '!e t u r n  
our  a t t e n t i o n  now t o  coopera t ion  betweer1 i n d u s t r y  tliid t h e  Air Forces.  

G o a l .  - The pou1  i s  h e r e  t h o  same u s  b e f o r e ,  t o  b r i n g  i n d u s t r y  i n t o  
m p a r t r i e r s h i y ,  t o  c r e a t e  tf mutua l  u n d e r s t a n d i n g  between i n d u s t r y  
and t h e  A i r  F o r c e s  s o  t h a t  each  i s  c o n s c i o u s  of t h e  o t h e r ' s  p r o b l e m ,  
and t o  i i i t e res t  i n d u s t r y  i n  A i r  F o r c e  development p r o b l e m .  

I n d u s t r y  has i t 1  g e n e r a l  been p r i m r i l y  i n t e r e s t e d  i Q  p r o d u c t i o n  
arid h a s  been u n w i l l i n g  t o  devo te  t h e  e f f o r t s  o f  i t s  l e a d i n e  
s c i z n t i s t s  and e n g i n e e r s  t o  d e v e l o p L e n t  p r o b l e m .  
been a n e c e s s i t y  f o r  con t inued  e x i s t e n c e  i n  a h i g h l y  c o m p e t i t i v e  
w o r l d  and p r o f i t s  a r e  n o t  u s u a l l y  t o  b e  fouiid i n  +,he developrrient 
of weapons. 
w s l l  a s  i n  war t o  d e v o t e  S O I ~ ~ C  o f  i t s  enerpy t o  n a t i o i i a l  s e c u r i t y  
and some n,ethod ws t  b e  fourid t o  rmke t h i s  e f f o r t  t iot  on ly  a 
m a t t e r  of d u t y  r e l u c t a n t l y  unde r t aken  b u t  a l s o  a s t i x u l a t i n g  and  
c h a l l e n g i n g  e x p e r i e n c e  t o  bo s o l i c i t e d .  

P r o i ' i t s  have  

B u t  i n d u s t r y  a l s o  h a s  a p a t r i o t i c  d u t y  i t 1  peace  a s  

p r i n c i  l e s .  - d fouiid g e n e r a l  agrcernent. 
In t h i s  area a l s o  c e r t a i n  p r i n c i p l e s  nay be s t a t e d  

These a r e  a s  f o l l o w s :  

1, ja i iy  m i l i t a r y  developments  have no p e a c e t i m  a p p l i c a t i o n  
and hence  t h e r e  i s  no cor13ALercia1 i t i cer i t ive  f o r  i n d u s t r y  t o  under- 
t a k e  them. 

. . Even a c a s u a l  a c q u a i n t a n c e  w i t h  t h e  development o f  
r i f l e s ,  cannons,  t a n k s ,  h i g h  e x p l o s i v e s ,  e t c .  snows 
t h a t  n o t  o n l y  i s  t h e r e  an  abserice of tile u s u a l  
i n c e n t i v e s  t o  deve lop  t h e s e  weapocs, b u t  there  i s  
a c t u a l l y  a stigma a t t a c h e d  t o  t h e s e  i n d u s t r i e s  i n  
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:peace t i m e .  Their l e a d e r s  a r e  o f t e n  a c c u s e d  of b e i n g  
war mongers and of s o l i c i t i n g  b u s i n e s s  from o u r  f u t u r e  
enerfiies. 
illore f o r t u n a t e  l i n e s  because  of the1 e x t e n s i v e  use of 
a i r c r a f t  i n  c i v i l  a v i a t i o n .  
s u p e r s o n i c  speeds a:id p i l o t l e G s  b i i r c r a f t  is widening 
the  gap between c i v i l  and rLiil i tary a i r c r a f t  and some 
a t  l e a s t  of t h e  t y p e s  of a i r  weapons have  no c o u n t e r -  
p a r t  i n  o i v i l  a v i a t i o n ,  Hence t h e  same problerns may 
b e  expec ted  t o  a r i s e  a s  a r e  p r e s e n t  i n  ordnance  
development . 

Aeroriuut i c a l  developments  have been a l o n g  

However t h e  cominp of 

I n d u s t r y  shou ld  have  8 development u s  wel l  a s  t he  p r o -  
f unc t ion .  

The p r e s e n t  r e l a t i v e  r o l e  of t h e  m i l i t a r y  a g e n c i e s  
and i n d u s t r y  i n  t h e  development o f  new weapons and 
methods of t i tarfare v a r i e s  w i t h  t h e  d i f f e r s i l t  t y p e s  of  
weapons, Expe r i ence  t e a c h e s  t h a t  a pus t r i e r sh ip  g i v e s  
t h a  b e s t  o v e r a l l  r e s u l t  and t h a t  each p a r t n e r  rxst t ake  
p a r t  i n  t h e  dave lopnent  p r o c e s s .  
a t i o n s  w i t h o u t  developnient groups  w i t i i i r i  ther,, a r e  
i n f l e x i b l e  arid t end  t o  oppose t h e  p r o g r e s r i v e  improve- 
ment of equipment.  On t h e  o t h e r  hcud t m  e x p e r i e n c e  
of any  manufgc tu r ing  o r g a n i z a t i o n  is  t o o  1i i rLted i n  t h e  
problems of t h e  A i r  F o r c e s  t o  perrnit  e n t r u s t i n g  then 
w i t h  cortlplete r e s p o n s i b i l i t y  f o r  developnient . T h e  u s 2  
of b o t h  groups ,  r r d l i t a r y  and i n d u s t r i a l ,  b r i n g s  t o  b e a r  * 
a more v a r i e d  knowledge and  d i v e r s e  s k i l l s  a s  VJZU a s  
a g r e a t e r  number of p e r s o n s ,  Fur thermore  and pe rhaps  
most impor t an t ,  t h e  a s s i g n n e n t  of  a s h a r e  i n  t h a  
c r e a t i v e  development of  new t h i n g s  is t h e  b e s t  r;,ethod 
known of e n l i s t i n g  and m a i n t a i c i n g  i n t e r e s t .  
c o i l s i d e r a t i o n  i s  t h a t  tile c o m p e t i t i v e  elcnient i n  p r i v a t e  
i n d u s t r y  i n  t h e  development of  new p r o d u c t s  b r i n g s  o u t  
the  b e s t  s p e c i f i c  d o s i g u s ,  * 

I f a n u f a c t u r i n y  o r g a n i z -  

A f u r t h e r  

The A i r  F o r c e s  n u s t  have t h e  u l t i m a t e  r e s p o n s i b i l i t y  f o r  
e v a l u a t i o n  of t h e  f i n a l  r e s u l t s ,  

S i n c e  the  A i r  F o r c e s  a r e  a c c o u n t a b l e  f o r  n a t i o n a l  
s e c u r i t y ,  t h e y  m u s t  be  charged w i t h  t h e  u l t i r r a t e  
r e s p o n s i b i l i t y  f o r  e v a l u a t i o n  of netr methods and equ ip -  
cient. In t h i s  e v a l u a t i d n  t h e y  rfiay and s h o u l d  seek 
a d v i c a  and u t i l i z e  s c i e n t i s t s  and s c i e n t i f i c  methods,  
b u t  t h e  r e s p o n s i b i l i t y  can no t  b e  s h a r e d  with i n d u s t r y  
o r  w i t h  civilian s c i e n t i f i c  o r g e n i z a t i o n s .  

4.  Because of  the time r e q u i r e d  t o  p l a c e  newly devzloped 
equipment i n t o  l a r g e  s c a l e  n a n u f a c t u r e  and t o  t r a i n  p e r s o n n e l  i n  
i t s  U S ~ ,  t h o r e  mst b e  h i  peaoe t ine t h e  c l o s e s t  c o o p e r a t i o n  
and c o n s i d e r a t i o n  of t ho  views and e x p a i e n c e s  of b o t h  groups 
a s  t o  i n d u s t r i a l  p r e p a r e d n e s s ,  
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It i s  e s s e n t i a l  t o  g i v e  soma thoupht  a lways  t o  
t h e  p rocddures  and n,ethods f o r  niaking new equipment 
a v a i l a b l e  t o  t h e  A i r  F o r c e s  i n  t ime  of need.  Advances 
i n  s c i e n t i f i c  kriowledge a r e  c o n s t a n t l y  making e x i s t i n g  
equipment o b s o l e s c e n t  o r  o b s o l e t e  arid t h e r e f o r e  t h e  
d e c r e e  o f  n a t i o n a l  s e c u r i t y  r a p i d l y  d e c l i n e s  when 
r e l i a n c e  i s  p l a c e d  on l a r g e  q u a n t i t i e s  o f  e x i s t i n g  
equipment r a t h e r  t h a n  011 q u a l i t y ,  The Ordnancd 
S e r v i c e  h a s  had a somewhat l o n g e r  e x p e r i e n c e  i n  
c u l t i v a t i n g  c l o s e  indus t ry -01  &nance r e l a t i o n s  and 
t h i s  expor ibnee  may b e  w a r t h  s t u d y  by t h e  A i r  Fo rces .  

D i f f i c u l t i e s .  - The p o t e n t i a l  d i f f i c u l t i e s  i n  A i r  Fo rc*s - indus t ry  
c o o p e r a t i o n  appea r  t o  rie t o  l i e  i n  t h e  q u e s t i o n s  of p r o f i t s ,  
p a t e n t  p o l i c y ,  p r o p r i a t a r y  i n f e r m a t i o n ,  and liieans of expariding 
p r o d u c t i o n  in . t i r r ie  of need.  

The ques t ior i  o f  t h e  p r o f i t s  t o  be p e r m i t t z d  t o  i n d u s t r y  
f o r  development work i s  a m a t t e r  o f  p u b l i c  p o l i c y  j u s t  u s  i s  
t h e  q u e s t i o n  of p r o f i t s  on t h e  n lanufac ture  of  n i i l i t a r y  equ ip -  
ment. There  a r e  wide d i f f e r e n c e s  of o p i n i o n  which need n o t  
concern  u s  i n  our p r e s e n t  d i s c u s s i o n .  It i s  d e s i r a b l e  t h a t  t h e  
A i r  F o r c a s  and i n d u s t r y  collie t o  some mutual  agreeraent a s  t o  a 
p o l i c y  t o  be reconixended t o  t h e  n a t i o n  t o  remove t h i s  s u b j e c t  
a s  a p o s s i b l e  o b s t a c l e  t o  c o o p e r a t i o n ,  As w i l l  b e  d i s c u s s e d  l a t e r  
one forward  s t e p  would b e  t o  l e s s e n  t h e  risk sf development 
c o n t r a c t s  t o  be  no  g r e a t e r  t h a n  t h a t  f o r  p r o d u c t i o n  c o n t r a c t s .  
In t h a t  c a s e ,  speaking  a s  a n  i n d i v i d u a l  c i t i z e n ,  I b e l i e y e  t h H t  
agreement c o u l d  be r eached  O l i  sofile d e f i n i t e  p r o f i t  a l l owance  i n  
peace t ime w i t h  a lower o r  p e r h a p s  z e r o  r a t e  i n  war the. . 

The second source  of  d i f f i c u l t y  i s  t h b t  of p a t e n t  p o l i c y .  A s  
i s  w e l l  known t h e r e  a r e  wide d i f f e r e n c e s  of o p i n i o n  a s  t o  t h e  
p a t e n t  p r i v i l e g e s  which should  be  r e t a i n e d  by an  i n d u s t r i a l  g roup  
c o n d u c t h e  development p r o j e c t s  undzr povernrient c o n t r a c t .  The 
d i f f i c u l t y  a r i s e s  f r o &  the  v a r y  n a t u r z  o f  t h e  p a t e n t  s t r u c t u r e  
i n  n ihs t  moderii s c i e n t i f i c  deve lopments ,  Th+ a r t  r e s t s  on t h e  
work of l a r g e  nunibers of  people  and rilost i n d i v i d u a l  p a t e n t s  a r e  
of l i m i t e d  u t i l i t y  u n l e s s  a e r e a t  ruany o t h e r  p a t e n t s  a r e  a l s o  
a v a i l a b k e  f o r  use.   ustry try i t s e l f  h a s  found i t  n e c e s s a r y  t o  
work out  c roFs - l i cens inp ,  agreec ien ts .  1,;heii i n d u s t r y  t a k e s  on a 
development p r o j e c t ,  i t  u t i l i z e s  all of i t s  e x i s t i r i g  knowledge 
of t h e  a r t  i n c l u d i n g  niany p t t t m t s  u l r e a d y  h e l d .  The f i r s t  q u e s t i o n  
i s  then  a s  t o  t h e  a v a i l a b i l i t y  of t h e s e  p a t e n t s  t o  t h e  government;  
t h e  second i s  a s  t o  t h e  a v a i l a b i l i t y  o f  t h e s e  aiid o t h e r  p t l te r i t s  
t a k e n  not  d u r i n e  t h e  development p r o j e c t  t o  o t h e r  c o n t r a c t o r s  
f o r  t h e  governinent; and t h e  t h i r d  i s  a s  t o  t h e  r i g h t s  t o  t h e  
coninercial  use  of t h e  p a t e n t s  thkei i  o u t  d u r i n g  t h e  developnlent 
p r o j e c t  f o r  n o n - c d l i t a r y  p u r p o s e s ,  Here a s  i n  t h e  c a s e  o f  p r o f i t s  
i t  i s  d e s i r a b l e  b u t  pe rhaps  i m p o s s i b l e  t o  a r r i v e  a t  a g e n e r a l  
p o l i c y  a c c e p t a b l e  t o  i n d u s t r y ,  t h e  A i r  Fo rees ,  and t h e  g e n e r a l  
pub l i ad  

4 
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The t h i r d  p o s s i b l e  d i f f i c u l t y  i s  a n o t h e r  v e r s i o n  of  t h e  
second,  namely, t h e  e x t e n t  of u s e  of t e c h n i c a l  d a t a  and of 
o t h e r  s o - c a l l e d  p r o p r i e t a r y  i n f o r m a t i o n  n o t  p r o t e c t e d  by  p a t e n t s .  
It i s  o f t e n  of v a l u e  t o  t h e  A i r  F o r c e s  t o  d i s seE i r i a t e  t e c h n i c a l  
d a t a  i n  new f i e l d s  a s  w i d e l y  a s  p o s s i b l e  t o  i t s  c o n t r a c t o r s .  
T h i s  i s  now t h e  c a s e  i n  j e t  p ropu l s io i l ,  gu ided  missiltjs, and 
supe r son ic  ae rodynan ics .  L ikewise  i n  war t i m e  it i s  o f t e n  
d e s i r a b l e  t o  t a k a  a product  comple t e ly  developed by one company 
and t u r n  over  a l l  drawings,  p l m i s ,  aIld t e c h n i c a l  d a t a  t o  
a n o t h e r  company f o r  ob ta i l i i ng  i l l c r eased  p r o d u c t i o n .  With f e w  
e x c e p t i o n s ,  i n d u s t r y  coope ra t ed  ex t r eme ly  w e l l  d u r i n g  t h e  war 
and i s  now c o o p e r a t i n g  i n  t h e  d i s s e r d n a t i o i i  o f  t e c h n i c a l  i n f o r -  
mat ion  i n  t h e  newer t e c h n i c a l  f i e l d s .  Howaver t h i s  m a t t d r  i s  
o b v i o u s l y  a p o s s i b l e  p o i n t  of d i f f i c u l t y  and 8 m u t u a l l y  s a t i s -  
f a c t o r y  g o l i c y  should  be Bereed ugon, 

The f i n a l  p o i n t  of  p o s s i b l e  d i f f i c u l t y  r e l a t e s  t o  t h e  
e x t e n t  of use of new and i n e x p e r i e n c e d  c o n t r a c t o r s .  It i s  q u i t e  
obvious  t h a t  development shou ld  proceed  rsost r a p i d l y  arid a r r i v e  
a t  a b e t t e r  r e s u l t  i n  t h e  hands  of i n d u s t r i a l  o r g a n i z a t i o n s  
w i t h  w e l l - q u a l i f i e d  p e r s o n n e l ,  good f a c i l i t i e s ,  end long 
expe r i ence .  Or1 t h e  o t h e r  hatid t h e  p r o d u c t i o n  f a c i l i t i a s  of  
t hese  o r g a n i z a t i o n s  may be  i n s u f f i c i e n t  t o  produce t h e  q u a n t i t y  
r e q u i r a d  i n  a n  emergency, S h a l l  o t h e r  nsw c o n t r a c t o r s  b e  g i v e n  
development c o n t r a c t s  l a r g e l y  f o r  *duct i t ioi la l  purposes?  IJhat 
u se  i f  any  s h c u l d  be  niade ef r e l a t i v e l y  s m a l l  o r g a n i z a t i o n s ?  
N e i t h e r  t h e  p o l i c y  of s u p p o r t i n g  a ?*chosen in s t rumen t"  i n  
psace  t i n e  o r  of e d u c a t i n g  corrlpeting g roups  f u l l y  s a g i s f i e s  tile 
demands of h i g h - q u a l i t y  t e c h n i c a l  development and good i n d u s t r i a l  
p r e p a r e d n e s s ;  t h e  f i rs t  may l e a d  t o  s i n g l e - t r a c k  dsvelopment and 
s t a g n a t i o n ,  t h e  o t h e r  t o  i n e f f i c i e n t  u s e  of r e s a u r c e s .  

c 

Suggested A c t i o n  b y  Indust:.y. - I n  peace t ime  i n d u s t r i a l  a s  w e l l  
a s  s c i e n t i f i c  o r g i i n i z a t i o n s  p r e f e r  t o  t u r n  t h e i r  a t t e r i t i o r :  t o  t h e  
development arid r;lariufacture of s q u i p n e n t  hnd p r o d u s t s  t o  promote 
human w e l f a r e .  N e v e r t h e l e s s  industr:r  a l s o  h a s  a p a t r i o t i c  du ty  
t o  devo te  a c e r t a i n  p e r c e n t  of i t s  e f f o r t  t o  t h e  p r o b l m  of 
n a t i o n a l  s e c u r i t y .  The a c t i o n  supc,ested by i n d u s t r y  i s  t h e  forrfral 
r e c o g n i t i o n  of this r e s p o n s i b i l i t y ,  t h e  e s t a b l i s h r r e n t  of sm11 
development - groups  and t h e  a c c e F t a n c e  of development c o n t r a c t s .  
P e r h a p s  i n d u s t r y  a d v i s o r y  c o r u i t t e e s  cou ld  b z  s e t  up t o  work o u t  . 
j o i n t l y  1:ith t h e  A i r  F o r c e s  t h e  genera l  p o l i c i e s  which shou ld  
govern s u c h  work, 

Sugges ted  A c t i o n  by t h e  Air Fcrces. - I n  order  t o  secure  t h e  
c o o p e r a t i o n  o f  i n d u s t r y  it i s  e s s e n t i a l  t h a t  t h e  A i r  F o r c e s  
c l e a r l y  d i s t i n p u i s h  development p r o j e c t s  f r o m  p rocurehen t  con- 
t r a c t s ,  The t y p e s  of c o n t r a c t ,  n i i tu re  of s u p e r v i s i o n ,  and 
method of e v a l u a t i n g  t h e  r e s u l t s  o b t a i n e d  a r e  s o  d i f f e r e n t  
t h e  two a c t i v i t i e s  should  b e  handled by d i f f a r e n t  g roups ,  
S p e c i f i c a l l y ,  p r a c t i c a l l y  e v s r g  s c i e n t i s t  and e n e i n e e r  who 
e x p r e s s  a n  o p i n i o n  r e o o m e n d s  t h e  removal of procureraent 

t h a t  

w i l l  
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a c t i v i t i e s  fronl VJzight F i e l d  and tile assign:, ient of t echn ick i l ly  
t r a i n e d  p e r s o m e l  t o  hand le  development c o n t r a c t s .  

I n  many of t h e  i.,Odern developments t e s t  f a c i l i t i e s  a r e  
r e q u i r e d  of ti magnitude t o o  l a r g e  t o  b e  f u r r L i s h e d  t o  each  con- 
t r a c t o r  a t  g o v e r m e n t  expense.  I n  such  c a s e s  t h e  l a r g e  
f a c i l i t i e s  m u s t  b e  provided  by t h e  r<ovarn:,,ent a t  a s i n g l e  
l o c a t i o n  b u t  t o  Bccoxpl i sh  t h e i r  purpose  t h e y  m u s t  be  a v a i l a b l e  
f o r  use b y  t h e  e n g i n e e r s  o f  t h e  c o n t r a c t o r .  3 Jh i l e  t h e  govern-  
r,,ent m u s t  c o n t r o l  t h e  a s s i en f i en t  of p r i o r i t i e s  and de te rmine  

developtiant p r o j e c t ,  t h e  c o n t r a c t o r s  engi r ieers  shou ld  c o n t r o l  
t h e  a c t u a l  use o f  t h e  t iwe Ii' t h e  s a n e  f a c i l i t i e s  a r e  t o  b e  
used  b y  the A i r  F o r c e s  for e v a l u a t i o n  t e s t s ,  t h e s e  t e s t s  shou ld  
b e  made a t  a l a t e r  d a t e  by A i r  Fo rcds  e r q i n e e r s  when t h e  
i n d u s t r i a l  proup is  r e a d y  f o r  such tes ts ,  

I t h e  l e n g t h  of t ime t h e  f a c i l i t i e s  a r e  t o  b e  used 011 a p a r t i c u l a r  

TJhen t h e  e v a l u a t i o n  is completed ef equipment f o r  which 
thz r t :  i s  no comnerc ia l  usz  8nC i t  i s  determined t h a t  t h e r e  i s  a 
t a c t i c a l  o r  s t r a t e g i c  requirerllurit f o r  t h e  equipment i n  t i r x  o f  
war, t h e  A i r  Forces  should  suppor t  t o o l i i , g  and p i l o t  p r o d u c t i o n  
of t h e  new equipacti t ,  bearing t h o  f u l l  c o s t ,  

The A i r  F o r c e s  shou ld  i n  c o o p e r u t i o n  w i t h  i n d u s t r y  work 
o u t  a n  o r d e r l y  p l a n  f o r  t h e  USG of bo th  developrmnt and p r o d u c t i o n  
f a c i l i t i e s  i n  peace t i m e .  These p l a n s  should  b G  f l 2 x i b l e  and  .. 
bidapted t o  v a r i o u s  l e v e l s  of GxperLditure.  It i s  thc: r z s p a n s i b i l i t y  
of t h e  Air F o r c e s  t o  d2 terndnd and rGcoor,lmend t h a t  l e v e l  d f  
uxpend i tu r*  deemed nGc~ssi . l ry  t o  r e t a i i r  l d a d e r s h i p  i n  t e c h n i c a l  
p r o p r e s s .  

The A i r  Forces should  i n v i t e  t h e  c o o p e r a t i o n  o f  t h e  corrmerclal 
a i r  l i n e s  and p r i v a t e l y  opcrtl ted u i r  t r a n s p o r t  f ' a c i l i t i d s  for t r i a l s  
of n a v i g a t i o n  systems,  o p e r a t i l i p  ? roceaures ,  hundlitiFT; o f  mi l ,  
passenge r s ,  and f r d i g h t .  In t h i s  way an i n c r e a s e d  body o f  
n p o r a t i n p  e x p e r i e n c e  w i l l  b e  o b t a i n e d  tilid tl r e s u r v o i r  of  t r a i n e d  
p e r s o n n e l  s u i t a b l a  f o r  a i r  t r a n s p o r t  o p e r a t i o n s  w i l l  b e  mairi ta ined.  

By t h o s o  a n d  o t h e r  s t u j ? s  which w i l l  occur  t o  you 811 e f f e c t i v e  
t w m  w i l . 1  be  c r c a t a d  t o  p o o l  t h e  e f f o r t s  of p u r a  s c i e i i t i s t s ,  
a p p l i e d  s c i e n t i s t s ,  e n e i n e e r s ,  p r o d u c t i o n  e x p e r t s ,  i n d u s t r i u l  snd 
m i l i t a r y  p l a n n e r s ,  und A i r  F o r c d s  o p e r a t i n g  pdrsoriricl t o  c i a i n t a i n  
t h e  U n i t e d  S t a t u s  strong and s a f e  a g a i n s t  eggrdss io i i .  
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-- 7 f f e c t i v e  USL: of S c i e n t i f i c  and T e c h n i c a l  
F z c ! i ~ ~ t - ~ l i i i i  t h e  A i r  F o r c e s  

\ le I ~ O V  t u r i i  our B t t e i i t i o n  more s p e c i f i c a l l y  t o  s c i e n c e  
w l t i i l r i  t k a  A i r  P ' o ~ c a a  o r g o n i z u t i o l ;  i t s e l f  &n6 the steps t o  b e  
t a h n  t o  iiyprove the u t i l i m t i o n  of s c i e n c e  and s c i e i i t i f i c  
1,latiiods by Air Forcds  2 a r s o n n e i .  The p h y s i c a l  t o o l s  f o r  the  
s c i a l t i f i c  u u d  t ~ o h n i c a l  development bnd e v a l u a t i o n  o f  new weapons 
arid iiew t a c t i c s  a r e  l a b o r a t o r i e s ,  t e s t  s t a t i o n s ,  a.id p rov ine  
prounds.  The A i r  F o r c e s  m u s t  have  such f a c i l i t i e s  and u s e  
them e f f e c t i v e l y  . 

The A i r  F o r c e s  does i n  f a c t  o p e r a t e  l a b o r a t o r i e s ,  t e s t  
s t a t i o n s ,  &nd proving  [{rounds and mdny of i t s  f a c i l i t i e s  a r e  
o u t s t a n d i n g .  If :IOU arc? i iot  a l r e u d y  a c q u t i n t e d  w i t h  ther:i, :IOU 
w i l l  p r e sunab ly  have tho  o p p o r t u n i t y  t o  become s o  d u r i n g  t h i s  
c o u r s e  o f  s t u d y .  The A i r  F o r c e s  havz  been vGry p r o m e s s i v e  i n  
p lanr ik ig  new f a c i l i t i e s  and have beer1 r e a s o n a b l y  s u c c e s s f u l  i n  
s e c u r i n g  f u n d s  f o r  f i r s t  r e t e  a p p s r a t u s  and equipment.  The 
p r e s e n t  f a c i l i t i e s  a r e ,  hotvever, i n a d e q u a t e  i n  t h e  l i g h t  o f  t h e  
n o r  e r e cent  s c i en t i f i c da v e 1 o pm en t s , 

I n  t h e  f i r s t  p l a c e  t h e  p r e s e n t  f a c i l i t i e s  a r e  l a r g e l y  
conf jned  t o  t h e  development of t h e  p h y s i c a l  weapons such  a s  a i r -  
c r a f t ,  guns ,  e l e c t r o n i c  equipment,  e t c ,  arid i n s u f f i c i e n t  a t t e n t i o n  
i s  r i v e n  t o  t h e  humin qp r ; rh tQrs  bo th  i n  t h e i r  c a p a c i t y  a s  b i o l o g i c a l  
r,lecIianisms and u s  inte1: ipent  b e i n g s  s s e k i n g  t o  accompl ish  c e r t a i n  
erid r e s u l t s .  T h ~  aeror, ,edical  l a b o r a t o r y  h a s  made a f i n e  &tart 
i i ;  i t s  s t u d i e s  of t h e  e f f e c t  of 6nviro;,r;;ent on t h e  p e r f o r n a n c e  of 
hUi'dS1I1 be iugs .  TIowever, t h e  r e s o u r c e s  o f  t h e  o t i i e r  b i o l o g i c a l  
s c idnc l j s  such a s  psyohoioey should a l s o  be brought  t o  bear  on t h e  
probler. ls  of a e r i a l  vmrfaru.  1:ot o n l y  t r a i n i r i q  t i i d s  and t r a i n i n g  
n e t h o d s  b u t  hlso t h e  r e l a t i o n s  bettveen rrlechanical d e s i g n  o f  d e v i c e s  
and t h e i r  e f f e c t i v e  u s e  by huran  be inp  r e q u i r e  s c i e n t i f i c  s t u d y .  
L i k a w i s e  t h e  r;iethod s of o p e r a t i o n a l  a i i a l y s i s  s h o u l d  be f u r t h e r  
developed.  A l l  of t h e s e  ddvzlopr,lents r e q u i r e  p h y s i  c a 1  f u c l l i t i e s  
i r l  t,n2 forrr, o f  l a b o r a t o r i e s ,  cor,,putii1g machines,  measur ing  i n s t r u -  
a e r i t s ,  e t c .  It i s  p r o b a b l e  th t i t  ti nore  i l i t e i i s iv t :  s t u d y  of t h e  
f i e l d  would r o v a a l  o t h e r  u r u a s  riot covered by p r e s e n t  f a c i l i t i e s .  

'. 

In t h e  secoi ld  p l a c e  t h e  aode rn  s c i e n t i f i c  dcvelopnients h a t e  
siiowri t he  n e c e s s i t y  of nluch c l o s w  intogrcl t ior i  of the c o n t r i b u t i o n s  
of t h e  s p e c i a l i s t  l a b o r a t o r i e s .  Tvan i r L  a i r c r a f t  d e s i g n  i t  i s  
nov' r ecogn izzd  t h a t  t h e  arniumerit arld e l z c t r o r , i c  equipment can n o t  
b s  r epa rded  tis a c c z s s o r i e s  t o  b e  i n s t a l l 6 d  on a1r;iost any  a i r c r a f t  
a f t e r  comple t ion .  J u s t  b s  the  enp ine  and  a i r f r u m e  have  a lways  
had t c  be dds igned  t o g e t h d r  a s  a u n i t ,  s o  now t h e  coxiplzta K i l i t a r y  
weapOn ixst b e  des iFned  and dzvelpped a s  one i n t e g r a t d d  whole .  The 
coming o f  Fuided m i s s i l e s  has  f u r t h d r  emphasized t h i s  need,  f o r  i n  
t h e s e  weayqns t h e r e  i s  no h w d n  i n t e l l i g e n c e  o r  s k i l l  t o  g i v e  some 
coL.pdnsat ion f o r  poor d e s i g n ,  It i s  no lonq'ur p o s s i b l a  t o  deve lop  
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s A p C l i  D te ly  eripir,?, t ~ i r  f r a n e ,  G l e c t r o n i c  equipment ,  armanent and 
:~s~: ,b le  th3:rr. i n t o  a s a t i s f a c t o r y  weapnn. The vho le  pu rpose  o f  

tht wcayon l r u s t  be. s t u d i 2 d  und tile c o n f l i c t s  i n  d e s i p i i  r m u i r e m e n t s  
of t h e  components r e s o l v e d  i n  such  ti way a s  t o  best  uccomplish 
the  purpose  

The GerfiEtil d x p s r i e n c e  i n d i c a t e s  t h e  e f f e c t i v e n z s s  of  deve lop -  
ilient c e n t e r s  l i k e  t h e  orit3 u t  Peenewride f o r  such pu rposes .  Develop- 
m r i t  c e n t e r s  a r e  needed t o  c a r r y  on such i n t z e r a t d d  developmdnt 
profrzrxs I n  t h ree  f i e l d s ,  i , e ,  scrpersonic and p i l o t l e s s  a i r c r a f t ,  
nuc1.m- a i r c r a f t ,  a n d  a i r c r b f t  o p e r a t i o n s .  The f i rs t  i s  s e l f -  
e x p l t n a t o r y ,  t h a  secoiid d e a l s  w i t h  t h e  & p p l i c a t i o n  of n u c l e a r  ene rgy  
t o  s i r c r a f t  p r o p u l s i o n ,  w h i l e  tile t h i r d  p r o v i d e s  f o r  t h d  s t u d y  o f  
t r a f f i c  co i i t ro l  a t  r r i i l i t e ry  bir f i e l d s ,  f i g h t e r  c o n t r o l ,  r a d a r  and  
t e l L v l s i o n  a p p l i c a t i o n s  t o  n a v i g a t i o n  and o t h e r  o p e r a t i o n s ,  and 
s i a i l a r  I i h t t d ' s .  I understai id  t h a t  t h e  A i r  F o r c e s  a r e  t a k i n g  s t e p s  
t o  L I A t : t : t  tliest: nGeds a l t h o u g h  p r o b a b l y  n o t  i n  t h e  e x a c t  fo r r a  
sugpcs t ed .  

L)$relopmerit c 2 n t x - s  o f  tiiis typr? a r d  l i k e l y  t o  irivolvt: t z s t  . 
i n s t t i l l a t i o n s  o f  l a r p e  si26 and c o s t  ui id  r e q u i r i n g  l a r e e  amounts 
of L c w L r .  Such l w c e  f a c i l i t i d s  p r e s d n t  I:LII~Y s p e c i a l  p r o b l a s .  
E t c a u s e  of t i i t :  s i z d ,  c o s t ,  and power r * q u i . r m e n t s ,  th t :  n a t i o n  
can iiot s u p p o r t  Ii,ord t h a n  one such  f a c i l i t y  of a n y  g i v m  t ; ipe.  
Howdver t h c r e  ar t :  many p r o u p s  wisl i inp t o  usc:  l a r g e  f a c i l i t i t s ,  
i r i c lud ing  o t h z r  g o v ~ r n c , e n t h l  a g e n c i o s ,  r i i l i t a r y  and c i v i l i a n ,  
111t nu f a  c t u r  ur s h ol d i rip cov G riIliAe i i  t c 011 t r a  c t s , a rid o t h o r  c i v i 1 i a  n 
;yroups. S o w  rncthod of u d u i n i s t r h t  i o n  riust bd  d e v i s d  t o  ~ n s u r e  
?!::it u l l  q u u l i f i e d  (y-oups c t in  j o i n  i n  usiIlg t h d  f a c i l i t y  for t h e  
3,s: i n t e r d s t s  of t h e  n a t i o n .  

'. 

L a b o r a t o r i d s ,  t e s t  s t a t i o n s ,  bnd p r o v i n e  grounds  a r e  i n  
t h t m s G l v d s  on ly  p h y s i c a l  t o o l s  t o  bt; u s t d  by  nen. Thd e f f e c t i v e  
u s b  o f  t h e  f a c i l i t i e s  depGnds a i t i r e l y  oil t h e  c a l i b e r  of t h e  
Illtn x i n g  t h a .  It i s  ti com,on rzistake o f  laymen t o  Judge  t h e  
s c i c z t i f i c  cor,,p&unct: of a I B b o r a t o r y  b y  t h s  riuliiber, v a r i d t y ,  
?I:-.: u r ~ ; ) d o r a ~ ~ c ~  o f  s p d c i u l  p i t c c s  of Lppt l ra tus .  Sone o f  t h 6  most 
i i , ,pr;ssivz l t ~ b o r t ~ t o r i d s  t u r n  o u t  poor  s c i e n t i f i c  work arid m n y  
of  t h 2  nia,jor c o n t r i b u t i o n s  t o  sc ienc t :  h b v ~  coat: f roni  p o o r l y  
~ q u i p p - d  tliid p o o r l y  support<:d l b b o r a t o r i c s .  Of c o u r s e  good t o o l s  
h s l p  i n  producing  good r c s u l t s ,  Tlic p o i n t  t o  bd made i s  t h a t  
t h e  " f f e c t i v l :  U S L  o f  scientific a n d  t e c h n i c a l  f a c i l i t i e s  demands 
t h d  b1:st possib1. i  p d - s o n n d ,  bnd tiitit good f o c i l i t i e s  art: n o t  
L s u b s t i t u t e  for h b l d  s c i t r i t i s t s ,  ',;c & r c  t h u s  l o d  t o  c o n s i d t r  
t n t  s c i e n t i f i c  tend t ech r l i cb l  t r b i n i n g  of AAF p;rsonrial. 

S c i e n t i f i c  and Tucnn icn l  T r a i n i n q  o f  A i r  Forc12s p e r s o n n e l  

Thd r d c r u i t m c n t  m d  t r a i n i n g  of  sciGntif '4  c p t ; r son; ld  t o  
s t a f f  t h e  s j r v i c t j  l abo r t i t o r  ids, t e s t  s t b t i o n s ,  b!id g r o v i n c  g rounds  
i s  b u t  oile b s p e c t  o f  tnc: broad p r o b l m  of thu. s o i t n t i f i c  and 
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t e c h n i c a l  t r a i n i n g  of A i r  F o r c e s  p e r s o n n e l .  \le11 q u a l i f i e d  and 
a b l e  s c i e n t i s t s  a r e  nseded riot o n l y  i n  t h e  r e s a a r c h  and d e v d o p -  
rnent a c t i v i t i e s  b u t  a l s o  on t h e  s t a f f  and wi th  the  o p e r a t i n g  u n i t s .  
hioreover a l l  pe r sonne l  i n  p o s i t i o n s  o f  r e s p o i r s i b i l l t y  s h o u l d  b e  
a b l e  t o  e v a l u a t e  s c i e n t i f i c  f a c t s  w i t h  sound judgment and with 
s o m  v i s i o n  of  f u t u r e  developments;  

The t r a i n i n g  need is  t h u s  a d u a l  one ,  !$e can not  expec t  
t h a t  eve ry  nember of t h e  A i r  F o r c e s  w i l l  b e  t r a i n e d  a s  a 
s p e c i a l i s t  i n  a l l  f i e l d s  of s c i e n c e  and e n g i n e e r i n g ,  b u t  s p e c i a l -  
i s t s  i n  a l l  f i e l d s  a r e  needed, Each member nust a t t a i n  a broad  
knowledge of  s c i e n t i f i c  and t e c h n i c a l  m a t t e r s  and sorrie m u s t  be  
l e a d e r s  i n  h i g h l y  s p e c i a l i z e d  f i e l d s .  Wi thout  such l e a d e r s  t h e  
A i r  F o r c e s  a r e  doomed t o  m e d i o c r i t y  i n  s c i e n t i f i c  and t e c h n i c a l  
m a t t e r s  w i t h  a personriel  who a r a  j a c k s  of a11 t r a d z s  and m a s t e r s  
of  none. The  pr0grar.i o f  e d u c a t i o n  and t r a i n i n g  i n  s c i e n c e  rxst  
p r o v i d e  bo th  t y p e s  of t r a i n i u g .  
and s p e c i t i l i z e d  t r a i n h i p  of t e c h n i c a l  l e a d e r s  a r e  a s  g r e a t  a s  
t h o s e  f o r  s i m i l a r  s p e c i a l i z e d  t r a i n i n g  o f  t a c t i c a l  l e a d e r s .  

The needs  f o r  h i g h l y  s p e c i f i c  

The f a c t  t h a t  l e a d e r s h i p  can b e  ma in ta ined  o n l y  b y  a n  
o r g a n i z a t i o n  contair i i r ip  s p e c i u l i s t s  i n  v a r i o u s .  f i e l d s  h a s  Inany 
i m p l i c a t i o n s  a s  t o  p e r s o n n e l  p o l i c i e s  which vi11 b e  d i s c u s s e d  
i r i  f u r t h e r  d e t a i l  somewhat l a t e r .  It  should  bt: ment ioned h e r e  
however t h a t  s p e c i a l i s t s  can  have  e x p e r t  knowledge i n  only  one 
o r  a f e w  r 5 l a t e d  f i e l d s  and hence t h e l r  knowledye i s  u s e l e s s  
u n l e s s  t h e y  a r e  a s s i g n e d  t o  d u t i z s  i n  t h o s e  f i e l d s .  

i n c l u d i n g  t h e  s p e c i a l i s t s  have  some broad  t r a i n i n e  i i i  t a c t i c a l  
m a t t e r s  and  t h a t  niany becorrie a i r c r a f t  p i l o t s .  I d o  n o t  b e l i e v e  
t h a t  this t r a i n i r i g  can  o r  should  be  c a r r i e d  t o  t h e  p o i n t  where  
t h e  n;an i s  rega rded  i n t e r c h u n g e b b l y  h s  e x p e r t  s c i e n t i s t ,  e x p e r t  
t a c t i c i a n ,  and e x p e r t  p i l o t ,  TToither d o  I b e l i e v e  t h a t  t h e  
h o l d i n e  of a p i l o t ' s  r a t i n g  should be rr,ade u p r e r z q u i s i t e  t o  t h e  
h o l d i n g  of p o s i t i o n s  whose p r i n c i p a l  d u t i e s  a r e  s c i e n t i f  i c  and 
t e c h n i c a l .  The re  i s  no d i r e c t  r o l a t i c n  between a b i l i t y  a s  8 
p i l o t  and a b i l i t y  a s  a s c i e n t i s t  o r  e n g i n e e r ,  Son,e p i l o t s  a r e  
a l s e  s c i e n t i s t s ,  and some s c i e i l t i s t s  a r e  p i l o t s  b u t  t h e  nuniber 
of  pe r sons  w i t h  coriLbined skills is  sml l*  The r a s u l t s  of 
e n t r u s t i n g  t e c h n i c a l  d e c i s i o n s  t o  t e c h n i c a l l y  u n q u a l i f i e d  p e r s o n s  
a r e  i n e f f i c i e r i c y ,  was t e ,  and d ls lay ,  

It i s  d e s i r a b l e  t h a t  a l l  A l r  F o r c e s  p e r s o n n e l  have sone 
a c t u a l  e x p e r i e n c e  i n  dolr lg  s c i e ; , t i f i c  work, p r e f e r a b l y  co- 
o r d i n a t e d  t h e o r e t i c a l  and expe r imen ta l  work, a a r l y  i n  t h e i r  

* c a r e e r  under t h e  puidaiice of  q u t i l i f i e d  s c i e n t i s t s .  The b e s t  
way of l e a r n i n g  i s  b y  doing .  T h i s  a x p e r i e n c e  m y  b +  n o t h i n g  
more t h a n  t h e  u s u a l  l a b o r a t o r y  c o u r s 3  i n  a c i v i l i a n  s c h o o l ,  o r  
it may b e  o b t a i n e d  in one  of t h e  s e r v i c t :  l a b c l r a t o r i e s .  The 
a s s i g n m n t  of p3rsonriel  t o  do a c t u a l  expe r i inen ta l  o r  d e s i g n  
work a t  a s e r v i c e  l a b o r a t o r y  s h o u l d  be  a s  e s s a n t i a l  a n  e l emen t  

It is d e s i r a b l e  t h a t  a11 s c i e u t i f i c  and  t e c h n i c a l  p e r s o n n e l  
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i n  t h s  broad t r u i n i r i g  of A i r  Fo rces  l e a d e r s  & s  assignment  f o r  d u t y  
w i t h  h f i c l d  o p e r u t i n e  group. Yo p e r s o n  should  t r y  t o  d i r e c t  a 
development l u b o r a t o r y  o r  any  iniportant  development p r o j e c t  who has  
not  hud a c t u a l  e x p e r i e n c e  i n  development work. A c o n s t a n t  s o u r c e  
of d i f f i c u l t y  i n  i x i l i t a r y  development i s  t h e  p r o j e c t  officsr w i t h o u t !  
a c t u a l  uxper l t rncs  in l a b o r a t o r y  o r  shop .  

The A i r  F o r c e s  p e r s o n n e l  c o n s i s t s  of m i l i t a r y  an? c i v i l i a n  
proups,  bo th  of wliorri need t o  be t r a i l l e d  i n  sc ie r lcd ,  3y  t r a d i t i o n  
the m i l i t h r y  group is t h e  iiiore r iob i l c  and t h e  c i v i l i a n  group 
KLorG f i x d d  i n  l o c a t i o n  and t y p e  of work, It i s  t h e m f o r e  t o  b e  
6xp4cte=d t h b t  t h e  mord i i i e h l y  s p e c i a l i z e d  s c i z r i t i s t s  would b a  
i'omd i r i  c i v i l i a n  p o s i t i o n s .  T h  c o n s t a n t  change i n  a s s ipnmen t  
of m i l i t a r y  pd r sonne l  from one t y p e  of a c t i v i t y  t o  a n o t h e r  and 
t h e  c u r r e n t  p o l i c i o s  a s  t o  proriiotion and advancemalit t e n d  t o  
d i scburopa  s p e c i u l i z a t i o n .  I t h i n k  this s i t u a t i o n  i s  u n f o r t u n a t e  
f o r  tlit; A i r  F o r c i s .  It i s  t o  t h e  advan tage  of thc: A i r  F o r c d s  
t o  h a v e  i t s  s c i e ; I i t i f i c  f a c i l i t i e s  d i r e c t d d  by r c i l i t a r y  p e r s o n n e l  
b u t  i t  i s  of m u c h  p r t j a td r  advuntage  t o  have then1 headzd by a b l e  
s c i G r l t i s t s  and enginbers .  Sorw method n A u s t  be found b y  moans 
of  ; h i ch  m i l i t a r y  pe r sonne l  with s c i z r i t i f i c  and t e c h n i c a l  back- 
?round a r d  gitrdn u x t a d t : d  advaricdd t r u i n i i i ?  i n  s c i m c t :  ( n o t  s h o r t  
c o u r s u s )  s n d  t iss igndd t o  th t ;  L a d i n g  t e c h n i c a l  p o s i t i o r s ,  The 
b l t d r m t c  s o l u t i o r , ,  less d u s i r u b l G  i n  r;,y o p i n i o n ,  i s  t o  s e t  
up t h e  A M  s c i e n t i f i c  f b c i l i t i d s  ui ldcr  c iv i l ic l r i  d i r e c t i o n .  

T ~ G  AAF . + ~ s  b r t ; c r u i t n m t  probler,i os w u l l  cis a t r a i n i n g  
p r o b l m  i n  thu f i l l i n e ,  of i t s  s c i e n t i f i c  6nd t e c i m i c h l  p o s i t a o n s .  
The b i g g e s t  sou rcu  i s  tit pres<:n t  thi: Ih rgd  number of people  w i t h  
SciGrit if ' ic buckfrclund who a r z  u l r a a d y  i n  the A i r  F o r c e s  b u t  
whost: s c i t n t i f i o  skills ar t :  n o t  be ing  u t i i i z d d .  Another  feeder 
should  ce t h e  gr t .duat i r i r  c l a s s e s  itt v a r i o u s  c o l l e g e s ,  w i t h  s p e c i a l  
s t t e i i t i n r i  giver, to thg  90TC proups .  

The  s c i e n t i f i c  t r a i n i n g  c a n  be g i v e n  b y  m n y  methods hnd a t  
many p l a c e s .  The r e g u l a r  krrliy o f f i c e r  w i l l  o r d i n t i r i l y  have  
r e c e i v e d  s c i e n t i f i c  t r i A n i n g  a t  t l e s t  P o i n t ,  t h e  c i v i l i a n  s c i e n t i s t  
and r c s e r v e  o f f i c e r  a t  u c i v i l i a n  c o l l e g e ,  a11 p r i o r  t o  j o i n i n g  
t h e  Air F o r c a s ,  A f t a r  e n t e r i n g  t n e  Air F o r c e s ,  f o r m 1  t r a i n i n g  
m y  b e  c i v e n  in a s e r v i c e  schoo l  such a s  t h d  A i r  F o r c e s  I n s t i t u t e  
of Technolopy a t  ' ; r i gh t  F i e l d  or i n  8 c i v i l i a n  u n i v e r s i t y ,  
O r d i n a r i l y  i t  is  h o s t  e f f e c t i v e  t o  g i v e  tidvailced t r b i n i n g  a t  a 
c i v i l i a n  u n i v e r s i t y  and arr6.nceeliionts a r e  now i n  f a r c e  t o  send 
s e l e c t e d  A i r  F O r C Z L '  o f f i c d r s  f o r  g r s d u a t e  s t u d y  a t  v a r i c j s  
u n i v e r s i t i e s ,  Sicli lar 8rrauger;lents should  b e  made f o r  c i v i l i a n  
err,ployees of t h e  A i r  F o r c e s .  I n  bo th  cases ,  d e f i n i t e  p r o c e d u r e s  
should  be S s t a b l i s h e d  t o  a s s i g n  persoi ls  r e c e i v i n g  such  t r a i n i n g  
t-, tecf- i r i lcal  d u t i e s  and t o  r e t a i n  ther,i i l l  such p o s i t i o n s ,  

111 a11 s c i t m t i f i o  tifork i t  i s  n e c e s s a r y  t o  keep  u p  t o  d a t e  
w i t h  t e c h n i c u l  advances .  Fo r  thLs  p u r p o s ~  t h e  i r i d i v i d u a l  s h o u l d  c 
be encouraged t o  r e a d  widely a n d  t o  e s s o c i a t e  h i l l s e l f '  with o t h e r  
s c i e n t i s t s  i n  t e c h r i i c a l  s o c i e t i e s ,  As p r e v i o u s l y  c e n t  i oned ,  the  
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c l a s s i f i e d  n a t u r e  of much of t h e  s c i e n t i f i c  work i n  t h e  A i r  F o r c e s  
s u g g e s t s  t h e  establ ishi i ie i l t  of a new t e c h n i c a l  s o c i e t y  o r  i n s t i t u t e  
of r r d l i t a r y  s c i e n c e s  w i t h  c l e a r e d  nenibership,  c l a s s i f l i e d  n e e t  i n g s ,  
and c l a s s i f i e d  p u b l i c b t i o n s .  

Another  method of con t inued  t r a i n i l l @  t3. l r e a d y  rrient ioned  is  
t h e  exchhrgt: of p e r s o n n e l  w i t h  o t h e r  s c i e r i t i f i c  l a b o r a t o r i e s .  
The A i r  F o r c e s  p e r s o n n e l  s h o u l d  s t a y  a s u f f i c i e n t  l e n g t h  of t ime 
t o  t a k e  p u r t  i n  s c i e n t i f i c  work and rr,ake some c o n t r i b u t i o n  t o  i t .  

Form1  r e p e a t  and r e f r e s h e r  c o u r s e s ,  e s p e c i a l l y  i n  new f i e l d s  
of s c i e n c e  and  tebhnology and l e c t u r e s  by c i v i l i a n  and m i l i t a r y  
s c i e n t i s t s  a r e  o t h e r  methods of t r a i n i n g  p e r s o n n e l .  Courses  of 
s h o r t  d u r a t i o n  of t h e  h i p h l y  s p e c i f i c  t y p e  a r t :  of g r e a t  v a l u e  t o  
tGchn ic i ans  who w i l l  b e  c a l l e d  upon t o  s a r v i c a  and  m a i n t a i n  new 
weapons. It i s  howzver n o t  p r a c t i c a l  t o  g i v e  adequa te  p r o f a s s i o n a l  
t w i n i n g  b y  such s h o r t  c o u r s e s .  O p p o r t u n i t i e s  should  b e  p rov ided  
for p e r i o d i c  assignr1,ent o f  t e c h n i c a l  p e r s o n n e l  t o  c i v i l i a n  
u n i v e r s i t i e s  f o r  p e r i o d s  up t o  one yea r  f o r  a d d i t i o n a l  t r a i n i n g  
and f o r  r e f r e s h e r  cour ses .  The c u r r i c u l u m  f o r  such c o u r s e s  shou ld  
be workad o u t  j o i n t l y  by t h e  Air Forces  and t h e  u n i v e r s i t i e s .  

I i t duc t ion  of S c i e u t i f i c  I d e a s  i n  CorLnand and S t a f f .  

b;ajor advances have alrt2ady been imde a t  thd cor,,r,iand and 
s t a f f  l e v 6 l s  i n  p r o v i d i n g  f o r  tht:  i n t r o d u c t i o n  of s c i e n t i f i c  i d e a s .  
Gznara l  H. H. Arnold had t h e  f o r s s i g h t  t o  o r i g i n a t e  t h e  $evelop-  
Kent o f  a long-range r e s e a r c h  progrtirr. and c r m t d d  t h e  S c i e n t i f i c  
Advisory  Group u n d e r  t h 2  l c a d u r s h i p  of  p r o f  Gssor Tli. von ICarmun 
t o  a d v i s t  him. Genera l  S p a a t z  h a s  l i k e w i s d  a s t a b l i s h o d  a 
S c i e n t i f i c  Advisory  Board w i t h  prof. von l:arrq;an a s  d i r e c t o r  t o  
a d v i s e  hir.1 or1 s c i e n t i f i c  r . l a t t m s  and e s p e c i a l l y  t o  s t u d y  t h e  long-  
ranpe  s c i e n t i f i c  needs  of t h e  A i r  Forces ,  C c n e r a l  LeE:6y a s  Deputy 
Chief of A i r  S t a f f  for Research  and Developmznt i s  d i r e c t l y  
r e s p o n s i b l e  t o  t h e  Comanding  Genera l  f o r  c o o r d i n a t i n g  t h e  r e s e b r c h  
and development a c t i v i t i e s  of t h e  A i r  F o r c e s .  These a c t i o n s  a r e  
ev idence  of t h e  s i n c e r e  i n t e r e s t  o f  t h o  t o p  mantlger;lent o f  t h e  
A i r  F o r c e s  i n  t h e  f u l l e r  e x p l o i t a t i o n  o f  s c i a i i t i f i c  kmwledge  bnd 
s c i e n t  i f  i c developments  . 

, 

I n  riiost l a r g e  b u s i n e s s  e n t e r p r i s e s  i t  h a s  been round d e s i r a b l e  
t o  s e p a r a t e  t h e  r e s e a r c h  and development f u n c t i o n  fror; manu- 
f a c t u r i n g  and o t h e r  o p e r a t i o n s .  ILauy s c i e n t i s t s  s i n c e r e l y  b e l i e v e  
t h a t  t h e  A i r  Forces  s h e u l d  s e p a r a t e  r e s e b r c h  and development from 
procuremellt ,  n a h i n e  t h e  Deputy Chief  of Air S t o f f  f o r  Resea rch  
and ljevelopmant d i r e c t l y  r e s p o n s i b l z  f o r  c a r r y i n g  o u t  t h e  r e s e a r c h  
and development a c t i v i t i e s ,  
of r e s e a r c h  and development t o  t h e  p r e s e n t  t y p e  of m i l i t a r y  r e q u i r e -  
ments h a n d i c a p s  t h e  deve lopnent  of  novel  weapons. 
t ha t  t h e  s c i e n t i s t s  r e s p o n s i b l e  f o r  r e s e a r c h  and developfilent s h o u l d  
d e c i d e  whet developments  a r e  wor th  i n v e s t i p t i o n .  
r e q u i r e m e n t s  cover  mere ly  an  improved f orrn of e x i s t i n g  weapon, 

They b e l i e v e  t h a t  t h e  r i g i d  l i n k i n g  

They b e l i e v e  

If tl ia n d l i t a r y  
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the procurelllent aeensy  cou ld  probc.bl:y o b t b i n  t h e  d e s i r e d  a r t i c l e  
usiiir the dl:velop~!Lc:r, t  f a c i l i t i e s  0:' i n d u s t r y .  Those who opliose 
the s G p r a t i o n  of  t h e  t v o  f u n c t i o n s  f e a r  t h a t  t h e  r e s e a r c h  and 
devalopfiient e f f o r t  w i l l  b e  d i f f u s e d  i r r to  i m p r a c t i c a l  ha l f -baked  
schemes wi thou t  cous ide ra t io r r  of thi! rzal needs a s  seen  by t h e  
c p s n t i n g  p o u p s .  1 t i : i r i k  t h a t  the ey.parfonce o r  t h e  l u s t  war 
: ,aupiit  t he  v z l u s  of c o n t r i b u t i o n s  froril f r e e  r e s e a r c h  and develop-  
rimit, g r o u p s  aad silowed t i l e t  such  proups  need 110% b e  urmindfu l  
of f i e l d  cond i t io r i s ,  Kany o f  t h e  nost v a l w b l e  n e w  weapons had 
t o  be s o l d  t o  t h e  o p e r a t i n g  g roups  and t h e  s e l i i n g  was o f t e n  
a s s i s t e d  b y  eiien,y use of s i m i l a r  d e v i c e s .  

If f u l l  u se  i s  t o  be made of s c i e n t i f i c  t a l e n t ,  s c i e n t i f i c  
persclnnel l i lust  b e  i n t r o d u c e d  i n t o  a l l  o f  thc: major  d i v i s i o n s  
o f  t h e  t o p  a d n i i n i s t r a t i o n  of' t h e  A i r  F o r c e s ,  no't mere ly  i n  t h e  
i i * & t $ r i a l  g rcups ,  Pe rhaps  t h e  n o s t  urr!ent need i s  Q corriplete 
cvs rh t iu l ing  of persomi21 p o l i c y  t o  p r o v i d e  for t h e  e f f e c t i v e  
u t i l i z h t i o r i  o f  s c i e n t i s t s .  The t h e o r y  t h b t  any  i n t z l l i e e n t  o f f i c e r  
can d i r e c t  a n y  o r p n i z a t i o r l ,  n i l i t m y ,  t e c h n i c a l ,  ' o r  s c i e n t i f i c  
i s  c s r t a i n l ' y  o b s o l e t e  a s  i s  t h e  t h e o r y  t h a t  any I n t e l l i g e n t  
p a r s o n  c a n  b e  a d e q u a t e l y  t r u i n e d  t o  d o  c r u a t i v r :  s c i e n t i f i c  work 
b y  a c c e l e r a t e d  s h o r t - t e r m  c o u r s e s  i n  t e c h n i c u l  s s b j e c t s .  Both 
i n  tliz t , i l i t a r y  pe r sonne l  a & , i n i s t r a t i o n  &riCi i n  t i le civil S e r v i c e  
Cosrfiission s t e p s  m u s t  be  t aken  t o  p l u c z  t h a  s e l e c t i o n ,  t r a i n i n g ,  
c l a s s i f i c a t , i o n ,  prorLotion. a n d  assipnziiont o f  s c i e n t i f i c !  and  
technical p e r s o n n e l  i n  tile iisrids of rwri 1 7 h 0  hove thei!iSelVeS had 
a s c i z i i t i f i c  o r  ti?ciiriics;l background. F u r t h 6 r  t h e  d i r e c t i o n  of 
sci .s : i t i f ' ic  work r.,ust b e  ? l a c e d  OIi 8 par  w i t h  g ~ . r : e r a l  adn in -  , 
i s t , r a t l o ! i  and c o m m i d  p o s i t i o n s  a i d  should  c a r r y  a r i i 1 i . t a ry  r a n k  
coimeim.mat* I 'iith t h e  i r q o r t n n c e  o f  tiit: wnrk. S c i e l i t i f  i c  uiid 
t~:ci?r.ic:al personriel  :;ust be r e t a i n &  il l  tiit;. san3 ass ignment  f o r  
6 s u f f i c i e n t  l e n p t h  of' t h e  t o  enabla  the:.. t o  n~aka  s u b s t a n t i a l  
c c r i t r i b u t i o n s , ,  proriiotion ~ ~ u s t  b e  dependznt  c n  s c i e n t i f i c  and  
t e c h n i m l  accoriplishr, lsnts t o  a g r e a t e r  decree  t h a n  oii mere 
s e n i o r i t y .  T s p e c i a l l y  at thd p r e s e n t  t ime when t h e r e  i s  a g r e a t  
shor.tsF.3 o f  s c i e n t i s t s  and e n p i n e e r s ,  t h e  A i r  Fn rcds  should t a k e  
e v t . 1 ' ~  s t e p  possible t o  Iriake f u l i  u se  o f  t h e  t a l a n t s  of p r e s e n t  
p31*S01i1it:lr There  is a b e l i e f  mion@ c i v i l i a n  s c i e n t i s t s  t h a t  
t h e r e  ar t :  now witn i r i  t h d  A i r  ForcGs ~ m r i y  s c i e n t i s t s  and engineers 
who br;: n o t  a s s i g n u d  t o  t t3clinical  work  becaust? o f  t h e  a p p l i c a t i o n  
t o  thm of g e n e r a l  p o l i c i e s  wiii.cii a f fec t ;  a l l  nmnbers of t h e  A i r  
Fo rces  b u t  which a r s  p a r t i c u l a r l y  u n s u i t a b l t :  for a p p l i c a t i o n  
t o  p a r s o n s  i i i  viliorn t h e r o  i s  a l a r g a  ir ivcstment of s p e c i a l  t r a i n i n g  
end d x p e r i e n c e ,  

A second nedd i s  f c r  t h e  m r e  e f f e c t i v e  u s e  o f  s c i e n t i s t s  
i n  t h o  i r i t , e l l i g ~ ~ i i c e  a c t i v i t i e s  of  t h e  A i r  F o r c e s .  It is n o t  
p z s s i b l e  t o  t r a i r l  n o n - s c i m t i s t s  t o  e v a l u a t e  the s i g n i f i c a n c e  
of  s c i 2 n t i f i u  und t c c i i n i c a l  work. It h a s  bGcorrd c s s d n t i a l  t a  
havd s c i G n t i s t s  a s s o c i a t e d  w i t h  our r d l i t a r y  a t tackids  abroad  
to m i r i t n i n  oont t ic t  w i t h  gene ra l  s c i e l l t i f i c  p r o g r d s s I  It  i s  
d t . s i r ab lc3  t o  sdrid s c i 2 u t i s t s  o f  thi? A i r  F o r c a s  persoi inel ,  r d i l i t a r y  
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and o i v i l i a n ,  t o  i n t e r n a t i o n a l  s c i e n t i f i c  c o n r r e s s e s ,  and t o  send 
some s c i e n t i s t s  of  t h e  A i r  F o r c e s  t o  f o r e i g n  e d u c a t i o n a l  
i n s t i t u t i o n s  f o r  s tudy .  S i n c e  s c i e n t i f i c  advances  rmy b e  made 
anywhere i n  t h e  w o r l d ,  i t  i s  only  b y  such m a n s  t h a t  t h e  A i r  
F o r c e s  can keep i n  touch  w i t h  s c i e n t i f i c  dcvelopnients which have 
a p p l i c a t i o n  t o  a e r i a l  w a r f a r e .  A c e r t a i n  number o f  s c i e n t i s t s  
and e n g i n e e r s  a re  needed f o r  t h e  pu rpose  of examining p a t e n t s  
s u b m i t t e d  and t o  keep i n  touch  w i t h  domest ic  s c i e n t i f i c  groups .  
I n  t h e  p r e s e n t  t ine  o f  shortage nf  t e c h n i c a l  p e r s o n n e l ,  t h e  
d i v e r s i o n  of s c i e n t i s t s  f rom a c t u a l  deveiopment work t o  l i a i s o n  
3nd i n t e l l i g e n c e  a c t i v i t i e s  s h o u l d  be k e p t  t o  a r ~ i r i i m u r r ~ ,  Such 
d u t i e s  would b e  s u i t a b l e  f o r  s h o r t  p e r i o d  a s s ignmen t s  of r e s e a r c h  
and  development pe r sonne l .  
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A t h i r d  need i s  f o r  t h e  mare e f f e c t i v e  u s e  o f  s c i e n c e  i n  
p l a n s  and o p e r a t i o n s  arid i n  p a r t i c u l a r  t h e  develepment o f  improved 
rcethods of  o p e r a t i o n a l  a n a l y s i s ,  T h i s  i s  a compara t ive ly  new 
f i e l d  i n  which riiuch p i o n e e r i n g  work was dorie d u r i n g  t h e  l a s t  war. 
Kuch remiins t o  be done. T,.ere must  b e  i n t e p r u t e d  p l a n n i n g  
by s c i e n t i s t  and s t r a t a g i c  and t a c t i c a l  p l a n n e r  f o r  t h e  e v o l u t i o n  
of inethods of a e r i a l  wtrrfare and o f  new wetrpons and t h e i r  s t r a t e g i c  
use 

Conclus ion .  

In t h i s  l e c t u r e  I have t r i e d  t o  b r i n g  o u t  t h e  o p p o r t u n i t i e s ,  
problems, and d i f f i c u l t i e s  which c o n f r o n t  m i l i t a r y  and s c i e n t i f i c  
pe r sonne l  i n  e s t a b l i s h i n g  t h a t  a u t  ukl under s t and ing  and c o n f i d e n c e  '' 
e s s e n t i a l  t o  t h e  f a r n u l a t i o n  of a working p a r t n e r s h i p ,  9 f e a r  
t h a t  t h e  r e c e n t  s p e c t a c u l a r  e x p l s i t a t i o n  o f  t h a t  s c i e n t i f i c  
knowledge which kvtig s lowly  and pk i in fu l ly  a c c i m u l a t e d  over  a n u b e r  
of y e a r s  of peace by  s c i e n t i s t s  o f  m n y  n a t i o n s  h a s  ove r so ld  
s c i e n c e  and l e d  many p e r s o n s  t o  unwarrented e x p e c t a t i o n s .  S c i e n c e  
i s  n o t  a magic producer  o f  m i r h c l e s  b u t  u method o r  propedure  
of t a c k l i n g  problems which h a s  l e d  t o  many s p e c t a c u l a r  results, 
I hope t h a t  you may have r e c e i v e d  s@me u n d e r s t a n d i n g  of t h e  
c c n t r i b u t i o n s  t o  b s  expec ted  f ron s c i e n c e  and Sonit! i ncGnt ive  t o  
f u r t h e r  s t u d y ,  




